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NOTICE 

This report was prepared to document work sponsored by :ne 
United States Government. Neither the United States nor its 
agents the United States Department of Energy, the United 
States National Aeronautics and Space Administration, nor any 
federal employees, nor any of their contractors, subcontractors 
or their employees, toake any warranty, express or implied, or 
assume any legal liability or responsibility for the accuracy, 
completeness, or usefulness of any information, apparatus, 
product or process disclosed, or represent that its use would 
ntft infringe privately owned rights. 
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SECTION 1 


CERTIFICATION REPORT 
TO 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MARSHALL SPACE FLIGHT CENTER 
FOR 

THE SUNMAT LIQUID FLAT PLATE COLLECTOR 


CAXjMAC Mfg. Corp. 
150 S. Van Brunt St. 
Englewood, NJ 07631 


1 


The SUNMaT^s compliance with 

the IPC was reviewed and confirmed by Engineering Testing Labor- 
atories, and their analysis is included with this report. The 
report also includes test results from Desert Sunshine Exposure 
Tests confirming the SUNMA.T*s compliance with thermal perfor- 
ance and efficiency specifications. * 
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^ALMA.C Manufacturing Corp, 
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DESERT SUNSHINE EXPOSURE TESTS, INC. 



TAVA. 

THESUNKACHINA 


n^est (J^nything ^Unitr the Sun 

BOX 185 • BLACK CANYON STAGE 
PHOENIX, ARIZONA 85020 
(602)465-7525 


April 14, 1978 


page is 

Mr. John Armstrong -POOR QUALITy 

CALMAC MANUFACTURING CORPORATION 
150 South Van Brunt Street 
Englewood, New Jersey 07631 


Subject: Test Sequence of Sunmat Colloctor to 

Conform to 1975 IPC and HUD/ISJI 


Dear Mr. Armstrong: 

Desert Sunshine Ej^osure Tests, Inc. performed an ASHRAE 
93-77 thermal performance, a 30-day stagnation and a thermal 
performance retest in accordance with the HUD requirements for 
the Hot Water Initiative. The data and results of these tests 
are presented in DSET Report No. 77S1131A. ASHRAE 93-77 is 
the test standard that is generally ac. epted, industry-wise, 
as the standard for theimial performance testing of solar col- 
lectors. On the basis of the DSET tests, the collector is 
judged to meet the HUD/Ht^I requirement that no more than a 
10 percent change be observed for the values of F ax (the 
intercept) and FpU (the heat loss coefficient) after 30 days 
of stagnation, feus, paragraph b of Criterion 5.1.1 of the 
1975 Interim Performance Criteria is also judged to be met. 


Other criteria applicable to the 1975 IPC were evaluated 
by Engineers Testing Laboratories, Inc. Their letter report 
is attached to this summary. 
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Enclosures 



Report No. 77S1111 
DSET No. 18471S 


SOLiya COLLECTOR PERFORMANCE TEST 


Fors 

Mr. Cal MacCracken 
President 

CALMRC MMUPACTORING CORP. 
150 South Van Brunt Street 
Englewood, New Jersey 07631 


Proin: 

Desert Stinshine Expostare Tests, Inc. 
Box 185 Black Canyon Stage 
Phoenix, Arizona 85020 


By; 






William J. Putman 
Research Engineer 



January 27, 1978 
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This test report contains only findings and results anrived at after 
engploying the specific test procedures and standards listed. It does not 
constitute a recommendation for, or endorsement of, or certification of 
the product or material tested. Desert sunshine Ei^osure Tests, Inc, makes 
no warraniy, es^reused or implj.ed, except that the analysis has been made, 
and a report prepared, based upon the sample or samples furnished by the 
client. Any extrapolation of data from the sample or samples relating to 
the batch or dot from which it was obtained may not correlate and should 
be interpreted accordingly with extreme caution. We assume no responsi- 
bility for variations in qualify, composition, appearance, performance, or 
other feature of similar subject matter produced by persons or under condi- 
tions over which we have no control. 
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INTRODUCTION 


A progreua has been instituted by the United States Department of Housing 
and Urban Development to encourage homeownesrs to, install solar hot water sys- 
tems. This program^ conunonly referred to as the HUD Solar Hot Water Initi- 
ative (SHWl) f requires manufacturers of solar equipment, who wish to qualify 
their products for this program, to meet certification requirements set forth 
by the HUD Intermediate Standards for Solar Domestic Hot Water Systems/HUD 
Initiative. 

Desert Sunshine B^qiosure Tests, Inc. (DSET) has been approved to perform 
the "Thermal Stability" test which is peirt of the certification requirements. 
DSET, Inc. conducts the thermal stability test in accordance with the proce- 
dure outlined by the HUD Intermediate Minimum Property Standards Supplement 
(MPS 4930,2, Sec, 5-S1S-2.1.2) . 

The thermal stability test consists of three parts: 

A. Initial ASHRAE 93-77 thermal performance test. 

B. 30-day stagnation exposure test. 

C. Pinal modified ASHRAE 93-77. 


A. INITIAL ASHRAE 93-77 

The initial ASHRAE 93-77 thermal performance test consists of four sepa- 
rate parts: (1) Preconditioning, (2) Determination of the collector* s time 

constant, (3) Instantaneous efficiency performance tests, and (4} Determina- 
tion of the incident angle modifier for the collector. 

Preconditioning 

In preparation for the preconditioning test, the collector is filled 
with water and the inlet sealed. The panel is then placed in a non- 
operational stagnation mode in whicdi the water is allowed to evaporate out 
during exposure. The collector is exposed for three days in a stagnation 
mode during which the cumid.ative incident solar radiation in the plane of 
the collector is at least 1500 BTU/ft^/day. 
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The instantaneous efficiency tests are conducted to determine the effi- 
ciency of the collector as a function of the incident solar radiation, ant- 
bient ten^erature, and collector fluid inlet temperature, 

ASHRAB 93-77 defines the solar collector efficiency as the amount of 
useful energy extracted from the collector divided by the amount of inci- 
dent solar energy intercepted by the gross area of the collector. 

At least sixteen (16) efficiency **data points” are obtained during the 
test" in order that a governing ”ef£icienci^ curve” can be generated. 

All instantaneous efficiency testing is conducted in accordance with 
ASHRAE 93-77 and DSET Specification 75-SE2, appended herewith, utilizing 
a sun- tracking altazimuth mount which maintains the collector at normal 
incidence during the test periods. 

Analysis of the effficiency data is performed by employing a 2nd order 

least squares polynomial resulting in an efficiency equation given as a 

function of the inlet parameter, (T.-T /q. )- 

r a 

Procedures and instrumentation employed for this test are described in 
DSET Specification 75-SE2 with the following exception: standard pressure 

gauges were used for pressure measurements. The pressure gauges used were 
not considered highly accurate; therefore, caution is advised in forming 
any conclusions based upon these measurements. 

Incident Angle Modifier 

* In order to predict the collector efficiency at incident angles other 
than, zero, the incident angle modifier, K , is determined for the collec- 

» UT 

tor#, *„The incident angle modifier is a factor used to modify the performance 



c-iorve (determined at normal incidence) to account for the changes in per- 
formance due to the sun's incident angle. 

The test is conducted by adjusting the altazimuth mount such that inci- 
dent angles to the collector are 30®, 45®, and 60°. Data are taken in each 
of the incident angle positions and the efficiency is calculated. For an 
incident angle of 0®, data from the instantaneous efficiency test are used. 

The data from the incident angle modifier test are analyzed to deter- 
mine the equation that describes as a function of — 1, where 0 

is the incident angle of the sun. 


B. 30-naY STAGNATION EXFOStJEE TEST 

The 30-day stagnation exposure test is designed to identify potential 
problems associated with the collector's materials and/or construction. The 
test is conducted by the method outlined in the HDD Intermediate Minimum 
Property Standards Supplement (I'SPS 4930.2, Sec. 5-515-2,1.2 A-D) . 


Pre-e:^osure preparation for the collector consists of filling the 
collector with tap water emd sealing the inlet. A pressure relief valve is 
placed on the outlet for those collectors that operate under pressure. The 
relief valve is set to a value within 10 percent of , the manufactorer's 
reccanmended maximum value- 

The e:q)osure test requires the collector to undergo 30 days of cumu- 
lative exposure to a minimum daily incident solar radiation ot at least 1500 
BTD/ft^/day as measured in the plane of the collector aperture. During this 
test the collector is esqiosed for at least one consecutive four-hour period 
with a minimum flux of 300 BTD/ft^/hr after "boilout" of the water has oc- 
curred. 

Appropriate data records, such as insolation, anbient temperature, wind 
velociiy, and precipitation are obtained for each day of stagnation. During 
the 300 BTU/ft /hr period, these data are recorded every 30 minutes. Obser- 
vations of the physical appearance of the collector are recorded during 
Vfeekly visual inspections- 
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EXPERIMENTAL 

This section of the report presents the data and results of the thermal 
performance and stagnation test performed on the Calmac Manufacturing Cor- 
poration's “Suranat" solar collector. 

The collector's design incorporated the use of plastic ^sorter tubes 
connected to a copper header, with a single plastic cov^r. 


A. INITIAL ASHRAE 93-77 

The data and results for this test have been previously reported in Re- 
port Ho. 77S1111 of January 27, 1978. 




B. 30-DAY STAGNATION EXPOSURE TEST 


. Fifty (SO) days were required to achieve 30 days of exposure representing 
2 

1500 BTO/ft .day in tlie plane of the collector. This e:i^osure period was un- 
usually extended due to uncharacteristic winter weatlier experienced at the 
test site. All relevant data Including visual inspection information/ are 
presented in the following tahxes (Tables 1 and 2) . 
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Desert Sunshine Exposure Tests^ Inc. 

Box 18S, Blade Canyon Stage 
Phoenix, Arizona 8S020 

30 DAY STAGNATION 


Sompany; CMUaC MJUraFACTDRENG CORPORATION 
DSET No; 18471S 
Collector: Suiunat 

Pressure Sating: ^5 psi 

Cummulated 

Jays [ Date | BTU/Ft^ I BTU/Ft^ 


1/19/78 

1/20/78 

1/21/78 


1/22/78 

1/23/78 

1/24/78 


1/25/78 

1/26/78 

1/27/78 


1/28/78 

1/29/78 

1/30/78 


1/31/78 

2/1/78 

2/2/78 


2/3/ 

2/4/ 

2/5/ 



2/6/78 


2/7/78 

P i 

2/8/78 

IZ 

2/9/78 

n 

2/10/78 

u 

2/11/78 


2/12/78 

Zb 

2703/78 


2/14/78 


166 

273 

2155 


2063 

1834 

2033 


2125 

2232 

1557 


1841 

1974 

177 


269 

1719 

2184 


2277 

889 

616 


568 

1738 

1701 


1731 

295 

1077 


1255 

299. 

491 


Cummulated 

BTU/Ft^ 

166 , 

^ I * 

439 • 
2,594 


4,657 
6,491 ' 
8,524 


10,649 

12,881 

14,438 


16,279 

18,253 

18,430 


18,699 

20,418 

22,602 


24,879 

25,768 

26,384 


26,952 

28,690 

30,391 


32,122 

32,417 

33*494 


34,749 
35,04<l‘ • ■ 

35,539 


Rack jf: 160 

Angles 45® South 

Start Date: January 18, 1978' 


Ambient Tenperature 



3:50 p.Bt. 

Wind 

Velocity 

7 

Calm 

5 


8 

13 

10 


7 
6 

8 


10 

7 

16 


■ 4 
7 
9 


12 

18 

6 


Calm 

5 

. 8 


8 

14 

12 


5 

3 

5 


Precipitation 

0.12 

0.13 



0.55 

0.12 


These do noli^meet 1500 BTU/Ptr/- ndnimura requirements 
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Desert Sunshine Exposure Tests^ Inc. 



Box 185, Black Canyon Stage 
Phoenix, Arizona 85020 

30 DAY STAGNATION 


Company: a^lLMaC MaNUPACTURING corporation (jp. 2). 

DSET No; 

Collector: 

Pressure Rating: 


Rack #; 
Angles 
Start Date: 


I Date 1 


2/15/78 

2/16/78 

2/17/78 


2/1B/78 

2/19/78 

2/20/78 


2/21/78 

2/22/78 

2/23/78 


2/24/78 

2/25/78 

2/26/78 


2/27/78 

2/28/78 

3/1/78 


3/2/78 

3/3/78 

3/4/78 


3/5/78 

3/6/78 

3/7/78 




BIU/Ft^ 


1343 

2395 

2244 


2428 

2413 

2365 


2402 

2421 

2406 


2317 

2125 

1029 


480 

786 

801 


542 

2410 

686 


207 

1845 

2395 


Cummulated 

BTU/Ft^ 


36,882 

39,277‘: 

41,521 


43,949 
46,362 • 
48,727 


51,129 

53,550 


55,956 


58,273 

60,398 

61,527 


62,007 

62,793 

63,594 


64,136 

66,546 

67,232 


Ambient Tenperature 

I Low I 



54 

40 

57 

36 

"59 

36 

62 

39 

62 

40 

61 

38 

74 

42 

73 

47 

73 

49 

70 

43 

68 

43 

67 

47 

56 

49 

59 

51 

63 

: 51 

56 

51 

64 

48 

65 

47 

55 

46 

62 

46 

69 

43 



oeigwalpaoeb 

OF POOR QUALITY 


Wind 

Veloci 


Precipitatior 








1.00 


1.35 




Inesa do not ateet 1500 BTO/Pt*, minimum requirements 





































Date I BlU/Ft^ 


Cuiranulated 

BTU/Ft^ 


Ambient Temperature 
, Hifih I Lev; 


Veloci 


PreciDitation 


76612 


^ Total 


Weekly Inspection Report 


k 1 1/26/78 Lig ht outgassing spread uniformly throughout inner glazing- Absorber plate 

delaminating from backing. Some condensation noted in lower right cryvnav 


of inner glazing 


2/5/78 No apparent change 


2/17/73 Outgassing was more intensive throughout the collector. 


2/24/78 Delamination of absorber from backing is more developed* A white discrlrr 


ation of glazing is forming in lower right corner of the collector 


lower 1/4 of the glazing has discolored. 


Tap end of the collector has a white discoloration* Some of the insulation 


is wet from condensation in collector ^ 


y, POOR 


30-Day Stagnation Report 





















TABLE 2. 

ORIGINAL PAGE IS 
OF POOR QUALITY 


4-HOUR STAGNATION 

PERIOD* 

Company: 

CALMAC tlANUFACTORING 

Collector: SUNHAT 

DSET No-: 

18471S 

T 

a 

Date: MARCH 17, 1978 

Solar Time 


C®F) 

BTD/ft^/hr 

1000 


72.5 

349.50 

1030 


74.1 

355.03 

1100 


76.9 

347.28 

1130 


78.1 

347.28 

1200 


81.0 

349.50 

1230 


82.9 

356.13 

1300 


82.8 

356.13 

1330 


81.1 

356.13 

1400 


82.2 

. 352.81 


*Test was conducted witla the collector mounted on an EEK 
(foXlow-tlie-sun) mount. 



C. FINAL ASHRAE 93-77 

The data (Table 3a,b,c) , and the efficiency graph (Figure 1) are at- 
tached at the end of this section. Also attached is a graph (Figure 2) 
whicdi compares the initial and final instantaneous efficiency results 
(reference is agadn made to the fact that the initial data were furnished 
previously) . 

Analysis of the efficiency data resulted in the following second order 
equation: 

0.165 

The F ax product for this test is equal to 0.633 (63.3%). 

I <V 

The overall heat loss equation is presented below along with its eval- 
uation at three parameters. 





Inlet Parameter:* 0.00 0.15 0.30 

FO :** -1.014 -1.064 -1.113 

* XV 

■ *"F/BTU/ft^-hr 

**BTII/ft^.hr/*’F, negative sign denotes loss 
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BLACK CANVOa STAGE 
FHGE!ii:<. ARIZONA S5020 


SOLAR COLLECTOR TEST DATA 
CONFANY= CALNAC 

REFEr^ENCE NO. • oSOo ( NCCr.ACKEN 
DSET NO . • 1S471S 
REFOR T NO . •• 773 ililA 
TEST DATE: OJylSyFS 


UUIGINAL PAGK IS 
OF P(X)K QUAUTY 


i,Uw-CL t ur. • ^ Ui'iiiH ! 


SOLAR TINE START 
END 

LOCAL TINE START 
END 

NASS FLOW 
T IN <r) 
INTEGRAL 
T OUT <F) 
INTEGRAL 
T AND <F> 
INTEGRAL 
SURFACE KIND 
AIR 0'’ER COLL. 
CF<STU.'LS<F>) 

QI t 

INTEGRAL 

qIj ^diffuse 

TILT ANGLE 
AZINUTn ANGLE 
INCIDENCE ANGLE 
F IN <FSI> 

DELTA F 
DELTA T 
INTEGRAL 
T FLUID AUG 
TF - TA 
TI - TA 

(TF - TA)yOI U 
(TI - TA)yQI 
EFFICIENCY 
OUTPUT t 


10-55 
11^ 0 


1491.29 
191. SS 
15.99 
193. 96 

^ ^ 4 

10.10 

7S.92 

6.53 

oc 

4 .^4^ 4 .•% 4 

i.f f*:*f 


11 - 0 
11- 5 


1491.63 

191.75 

15.93 

. Of 

16.15 
60.01 
6. 67 
SE 
50 

I . Jo 


CLK'nrv • 

ri- .f r 4 I *w.i 

r h\:uc 


APERTURE AREA^ 

29.26 SO. 

FT. 

^ 

brvuoo 

* ^ r* \ 

Hr,tzH- 0^4 

Sc SO. FT. 


TRANSF 

■ ^*-v ♦ n . 

HATER 






HcnkHz o' 

/ i' / 



11- 5 

11-10 

13^50 

12-55 

11^10 

11 15 

1 2 • 55 

13- 0 

1 491 . 44 

4 4^4 

1 f-Ti . Of 

1472. 04 

1471.95 

191.47 

i6i . zo 

i OS’. CO 

139.33 

15.9c 

4 f Q ♦ 

1 1 . 62 

4 4 ^4 

11.01 

193.56 

1?G> .Zf 

i4z . f f 

142. 71 

4 4 ^ 

i O . i W> 

4 • 4 4 

10.11 

1 1 . 90 

1 1 . 39 

31.22 

bo. f i? 

SO. 63 

30.20 

6. 77 

— 4 

O . f 1 

— •• -n 

O . f Z 

6 . 6S 


o 

500 

JL 4 *i*J 


s 

500 

i . ?• 


-^—4 C“ 

ZZO.ZJ 

W W Ib* • *» w 

OOC . f ^ 

OOO . f O’ 

zo. Vz 

zo . VZ 

zo . t'f 

zcTcT 

12. 45 

12.4$ 

17.60 

iTToo 

37.95 

37. 52 

37.12 

O O 4 1* o 

25.75 

23 . 33 

21.33 

19.90 


600 

0 . 66650 
357 . Of 

4 ^ 

. • sJ 
12 . Of 

37.1? 

••22.23 


S 

500 
^ ^ ^ 

U . 

337 . 42 
23. 12 
12.76 




0. 

0. 

0. 

0. 

0. 

0. 

20.6 

20.0 

20.0 

20.6 

20.0 

zo.e 

17.0 

17.0 

17.0 

17.0 

17.0 

17.0 

2. 63 

2.09 

2.09 

2.00 

3.39 

3. 36 

0.17 

0.17 

0.17 

0. 17 

0.23 

O.zS 

.-n 

j**: . 

1 92. 30 

192.51 

192.26 

141.03 

4*4 - 

1*^1 . vz 

14.00 

112.79 

4 4 4 ^ 

111. C.S 

4 4 4 -• -» 

i i i . i o 

60.45 

60. S2 

12.96 

4 4 4 # 

i i i . f 

110.25 

110. 73 

53. 75 

* “• 

OO* 4 i 

0.339 

0. 335 

0.331 

0 . 332 

0. 179 

U . lO *J 

0.336 

0. 332 

0.323 

0.319 

0 . 1 74 

C . i J o 

0.232 

0 . 232 

0 , zSz 

0.2^1 

0.449 

c' 4 f “ r 

94.74 

94 95 

O^f . 

4^ 4 * * 

"* i Z 

151.65 

4 4 ^ 

1 w'i 4 Of 
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.FT. 
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.53 30. FT 
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TRANSFER FLUID ^ 

NATER 


TEST flET.HGD- DSE"^ 75 

“ 3E2 , 7 

(ASHF.AE 9 

O “ /' j‘ 7 



SOLri;? TIWE ST4>RT 13- 0 

iO • o 

0 • 4 r* 

1 O 

14 = 56 

1 4 • 55 

15- 0 

END 13^ 5 

io- 

1 *f • Zf\J 

14 = 35 

15^ 0 

15- 5 

LOCAL TIilE START 
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COLLECTOR: SUNMAT 

COVER: PLASTIC, SINGLE 
AVG PLOW RATE: N / A. 

AVC AMBIENT TEMP: N / A. 

AVG INSOLATION! N / A. 

COLLECTOR AREA: N / A. 


COfa^ANY: CALMAC 

REFERENCE: 65®S CMCCRACKEN> 

DSET NO. : 18471S 

REPORT NO. : 77S1111A 
DATE: 03/19/78 


DESERT Sunshine exposure tests 

Box IBS Black ^Canyon Stage 
Phoenix, Arizona 65020 


TEST METHOD: DSET 7S-SE2.7 CASHRAE 93-775 


O Field Data 
□ Special Test Data 

-- Analysis 


PARAMETER CTI-TA5 / QI 


Figure 1 




COLLECTOR: 
COVER: 
AVG FLOW RATE: 
AVG AMBIENT TEMP: 
AVG INSOLATION: 
COLLECTOR AREA: 


SUNMAT 

PLASTIC. SINGLE 
N / A. 

N / A. 

N / A. 

N / A. 


COMPANY: CALMAC 

REFERENCE: ' 6508 CMCCRACKEN> 
DSBT NO. : 18471S 

REPORT NO.: 77S1111A 
DATE: 03/19/78 


DESERT SUNSHINE EXPOSURE TESTS. INC 
Box 105 Black Canyon Stage 
Phoenix. Arizona 85C20 


TEST METHOD: DSET 7S-SE2.7 CASHRAE 93-777 


Final Test 
Initial Test 


PARAMETER CTI-TA7 / QI 


Figure 2 



D. SPECIAL TEST 


The four inst£uitaneous efficiency values obtained at an inlet fluid 
parameter of approximately O.OlS is presented in Table 4 and on Figure 1 
(these data are designated by squares) . 


CjB 


ycrr F!’. 


:t> 








1 


L -t- 1 i 


I 11. J- L J. 




DISCUSSION OF RESDLTS 

30-pay Stagnation and ASHRAE 93-T7 Retest: 

Ibe visual changes that occurred in the collector during stagnation were 
substantial. Moisture entered the collector during stagnation. Severe out- 
gassing occurred and accumulated predominantly on the inner surface of the 
transparent cover. As shown in Figure 2, the thermal performance was not 
seriously affected as a result of these observed changes. This is attributed 
to the general nature of the collector — since plastic/plastic thermal bond 
result, in lower F veilues than would be e^qgerienced by metal/metal (thermally/ 
bonded plates. Thus, this type of collector is judged to be less sensitive 
to these types of changes than might be ei^ected. No predictions of dur- 
ability can be made . for stagnation periods of greater than that employed in 
this test. 

Special Test 

The lower efficiency values obtained when the glazing was removed (Table 
4) -- centred to the efficiency of the glazed (covered) collector, is ex- 
pected for collectors having characteristically low F values (heat removal 
efficiency factor) . The greater energy incident on the plate resulting from 
removal of the glazing was overshadowed by increased theimial losses (other- 
wise contcuLned by the glazing) due to higher plate temperatures that result 
from a low P_ value. 

A. 


CONCLUSION 

The Sunmat liquid collector was tested in accordance with ASHRAE 93-77 
and tlie subsequent 30-day stagnation «md ASHRAE Standard 93-77 retest were 
^rfozmed in conjunction with both the HUD requirements for the Hot Hater 
initiative and applicable sections of the January 1, 197S Interim Ferfor- 

r.c 

mance Criteria. ASHRAE 93-77 is the generally accepted, industry-wise stan- 
dard for testing the thermal performauice of solar collectors. 

ORIGINAL PAGE IS 
OP POOR QUALITY 
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ENGINEERS TESTING 

1737 l*ast Broad’Aay Road 
P O . 80x21367 
Phoenix, An/ona 85036 
{602)266-1381 


LABORATORIES, INC. 
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Desert Sunshine Exposure Tests, Inc. 18 April 1978 

Box 185, Black Canyon Stage (*Revision date) 

Phoenix, Arizona 85020 

Attention: Mr. Bill Putman Invoice/Lab No. 221-0051 

Re: Evaluation of Field-Assembled 

Sunmat Liquid Flat Plate Collector 

In accordance with your request, we have evaluated the submitted 
Sunmat liquid flat plate collector. This evaluation was completed 
at E-T.L. , Inc. by the undersigned on 2-21-78. 


*The collector plate was disassembled and the individual components 
of the apparatus were examined and compared with the Interim Perfor- 
mance Criteria, the construction drawings and Installation, Opera- 
tion and Service Manual. The enclosed list enumerates each of the 
construction drawings and the discrepancy found. 


^ Conclusion : There was no divergence from the Interim Performance 

Criteria, the construction drawings, or service manual that would 
appreciably effect the installation, operation, or efficiency of 
the device. 

If any questions should arise concerning th;is evaluation, please 
contact us at your convenience. 


Respectfully submitted, 

ENGINEERS TESTING LABORATORIES, INC. 




James E. Weaver, E.I.T. 
bd 


Review^ed 



copies to: 
Enclosure 


Addressee (1) 

Calmac Mfg. Corp./John Armstrong (1) 
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Desert Sunshxne Exposure Tests, Inc. 
Evaluation of Field-Assembled Sunmat 
Liquid Flat Plate Collector 
Invoice/Lab No. 221-0051 
Page-2 


The following list enumerates each of the construction drawings 
and the deviation found. Some of the variations listed below 
are required by service manual for the field-assembled model 
and are noted as such. 


Drawina No. 


A-S126 


Discrepancy 


The collector panel was mounted on 
a 4 * X 8 ' X 1“ thick plywood bas6 
for stability. The glazing panel 
was glued around it*s perimeter, 
and the top and bottom trim strips 
were eliminated as shown in the 
service manual for field assembled 
collectors. 


A-S109-A 

A-S115 

A-S114 

A-S106 


Constructed as shown. 

Constructed as shown. 

Constructed as shown. 

This item not included on field 
assembled collectors. 


A-S119 

A-130P-H 

A-Slll 

A-S117 

A-S113-A 

A-S118 

A-S108 


B-ST277-D 


Constructed as shown. 

Constructed as shown. 

Constructed as shown. 

Constructed as shown. 

Constructed as shown. 

Constructed as shown. 

The drawing indicates an 8”, 
dia. copper tube with 1/8" dia. 
holes in the condenser dryer. 

The bill of materials specifies 
a 6” copper tube and the dryer 
sample had a 2" copper tube. 

Both header pipes were 45" in 
length with 3 0 take offs spaced 
over 39 1/16”. The drawing in- 
dicates the header pipes to be 
44" in length with 30 take offs 
on 1 5/16" centers for 38 1/16". 



SECTION 2 


VFi ..' I , . ’ ■* 

VERIFICATION REPORT 
TO 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MARSHALL SPACE FLIGOT CENTER 
FOR 

THE SUNMAT LIQUID FLAT PLATE COLLECTOR 


CALMAC Mfg. Corp. 
150 S. Van Brunt St. 
Englewood, NJ 07631 
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OBIGINAI. Pff 
OF POOR 00 


VERIFICATION SUMMARY 


The report includes an item-by-item breakdown of the applicable 
IPC, together with the appropriate verification based on analysis, 
similarity, inspection or testing. The IPC, prepared in 1975 by 
the National Bureau of Standards, is generally considered to be 
among the first set of nationally recognized standards and codes 
for solar heating and cooling. 


1 )^ 

CALMAC Manufacturing Corp. 
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1*.2*4 Criterion Operational Xtapalrment * The funcclonal capablJlty or the DHl* ayacen/ 
Dtiboyccera shall not be impaired to a greater extent chan conventional 
ovotenia when ayoeem repairo or modifications are beltift made. 

Evaluation Enjrlnecrlng review of specifications and drawings. 

Coaasntary Thia criterion is Intended to ensure that the ahuedown for repair or 
madlficatlon of solar powered portions (e,g., the collector subsystem) 
of the aystem/sLtbsyacem will not Impair the function of che DHU* 
system/subtiyoccm for periods of time longer chan those expected tor 
coni'entlonal hoc water equipment. 

The dupll’catlon of componenca such as heat exchangers, controls and 
pomps is dependent upon the degree of integration of the auxiliary 
energy aubayaten and the availability of replacement parts. 


1. Tlie collector is designed for use in systems having conventional systems 
jor backup. In the event of shutdown for repair the backup system will 

ta.:e over. Nothing in the SUNMAT sufasytem influences the operation of the 
backup system. ^ ^ 

2 Several futures of the StIXMAT design facilitate renair and minimize 
dov»n txme. The zipper lock on the plastic frame allows easy access to the 
ajsorbor for repair. !.eaks In the tubing can be repaired on site with 
tho L'^e of splicer ti^bcs* 

1.3 Requirement Collgccor perfornance . The solar colleccor shall absorb and convert 

incident oolar energy into useful thermal energy. The collector shall 
be capable of dlasipnclng thermal energy, where this fur.ee Icn is 
included in che design. 


I.3vl Criterion Colleccor efficiency . The colleccor subsystem (including reflectors 
where applicable) shall ha capable of absorb lug and ccuvcrclng 
incident solar energy into useful thermal energy at Its deolgned 
efficiency under operating conditions. For applications emplcylng 
nccfurnal radiation, che colleccor shall dissipate thermal energy 
at che design rate under design operating condlclona, 

Svaluaclon Engineering ev^aluacion of drawings, analytical calculations and/or 
test data. 

An analytical model, when used, shall include radiant, convective 
^ and conductive heat transfer, where appropriate. 

The deaign collector thermal efficiency may be experimentally veri- 
fied ucill?.lng a full-scale cojc panel or a model cesc panel of 
sufficient sire to have equivalent full-acalc thermal characteristics 

It Ifi intended that testing be performed only if performance data 
for Che particular collector or one with similar macerlala and/or 
configuration ia not available, because of the influence of solar 
rndialiion charactarlatlcs , climatic condlttons and ayececi ope raring 
requirements on performance, experimental svaluatlona shall Incliu^e 
heat transfer media flow rates and temperatures consiatent with the 
goographic region and system conditions. 

Coicacencary Some examples of analytical methods and data presentation are shown 
in the references [1] 112] [13) [141 [15] [16} [24] [25] [26] [27] 
[3fi] [37]* Deacrlptions of collector test techniques and represen- 
tative teat data are presented in references [13] [28] [29] [30] [31] 
to illustrate methodologies considered to be state-of-the-art. The 
ufle of material, fluid and insolation property data available In che 
open literature la encouraged . 

See results of collector efficiency testing. 
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1,4 Requirenent 


ORIGINAL PAGE IS 
OF POOR QUALITY 

Thermal storage performance . When included in the design, the storage 
subsystem shall be capable of providing its rated output under design 
loads. 


Criterion Storage capacity and rate. The storage subsystem shall provide 

sufficient heat transfer rates and thermal energy capacity to absorb 
. ’ ' and store energy at the maximum design collection rate and* when fully 

: . • charged, supply energy for its design time period with, no solar energy 

or auxiliary energy input. 


Evaluation Engineering review of drawings, calculations and/or test data. 

A thermal analysis of the storage subsystem, shall be performed to 
determine the thermal energy storage capacity, heat losses, energy 
addition rate and energy extraction rate under operating conditions. 
For designs where adequate calculations are not possible these para- 
meters shall be experimentally determined utilizing a full-scale 
test specimen or a model test specimen of sufficient size to have 
equivalent full-scale thermal characteristics. 

Commentary Descriptions of storage techniques and representative test data 

are presented in references [12] [13] [14] [16] [32][33] [34]. to illustrate 
methodologies considered to be state-of-the-art- The thermal capacity 
is a function of system dynamic characteristics and may be sized to 
Include factors such as insolation level, collector area, thermal 
loads, energy loss, temperature gradients, material thermophysical 
properties and auxiliary energy type and amount. 


The collector is designed for uso in systems both tnth and 
without storage systems. Collector efficiency data should i)e used 
to determine, the optimum size of the thermal storage system. 

2*1 RcquireinEnt System design conditions* The systems for heating *{H3T and combined 
heating and cooling (HC) and the domestic hot water (DHW) system/ 
subsystem shall be capable of functioning at their designed flow rates, 
pressures and temperatures. 


2*1.1 Criterion Equipmant capabilities . Pumps, fansj or other components shall be sized 
to move the heat transfer fluid through the collector, piping and/or 
ducts at design flow rates. y 

Evaluation Review of drawings, specifications, historical performance, previous 
test data, and design calculations. Systems or applications that do 
not lend themselves to engineering analysis may require prototype tests 
Co demonstrate compliance. 

Commentary In order to transfer heat through the system/subsystem, a number of 
different transfer approaches such as gravity circulati on , combined 
forced and gravity circulation, or forced circulation may be used. 


1. The maximum operating temperature and pressure of the collector is 210 F 
and 20 PSI. Maximum allciwab.le tube temperature is 350®F and the burst pressure 
is 80 PSI, so ample safety margins are allowed between design and maximum 
allowable. 

2. The pressure drop through a SO-foot mat at 110°F is 9 PSI, which is well 
below the maximum design operating pressure of 20 PSI. 

3. The minimum flow rate rei^uired to force fluid through the furthermost tubes 
of the mat is 2 GPM. 
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2«1*2 Criterion W nlae or erosion-corrosion ^ The piping or ducts end associated fittings 
siialt be sired to carry the heat transfer fluid at design flow rates 
wichout excessive noise, as defined by or erosion-corrosion- 

Evaluation Review of drawings, specifications, historical perfonnance, prev-r^js 
test data and design calculations* 

Corsnentary In order to prevent whistling noise in piping and cavitation noise 

- .in fittings and valves, it is recognized practice to Unit ve?cr-^ties 
of transfer fluids to 8fps[2j. Lower velocities may be reqv!^“t‘d donerding 
on the limit set by the pipe manufacturer to prevent deterio" ation 
of their piping materials due to erosion-corrosion. It is 
practice to limit flow velocities in small diameter copper tubii:[^ to 
4fpa when water having a pH value lower than 6*9 or softened water is 
used. A velocity of 4fps is conmonly used as the upper limit for hot water 
piping with working temperatures above 150 for copper tubing [2]. Some 
equipment" designs may require higher flow velocities in order to 
inhibit scale formation. In air ducts, the velocities normaT^ly should 
not exceed recognized values, e>g*» the values listed on U.L. labels* 





The velocity of fluid through the header is the limiting factor for 
this criterion as the cross-section area of the header is smaller than the 
total cross-section area of the 50 SUWAT tubes (Header: (3/83" x 3.14= 

,442 in^; tubing; C3/32}2 x 3.14 x 30 = .828 Xn)* The velocity of 4fps 
sets' a flowrate maximum of about S gpm: C3/8]'^ x 3,14 x 4fps x 12"/ft = 

21.2 in 2/sec = .0123 ftvsec = .77 pounds/sec = .0924, gai/sec - 5.54 gpm. 
For a 50-foot mat this translates into a difference in temperature beti^een 
the inlet and outlet of the collector of 19"F for fairly extreme conditions; 

200 ft^ X 300 BTUH x 80% ef£ 

5 GPM "x 60 m'in/hour x 8.33 #/gal = 19.2“ 
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2*1.3 Criterion Operating conditions .* Collectors, space heaters, water heaters, pumps, 
, valves, regulating orifices, pressdre regulators and similar components 

shall be capable of beings operated over the pressure and temperature 
ranges anticipated in actual service without breakage, rupfure, 
binding, galling, or significant loss in pressure chat could impair 
their intended function^- 

Evaluatlon Review of drawings, specifications, historical performance, previous 
test data and design calculations. Systems or components that do 
•not lend themselves to engineering analysis shall be tested at the 
maximum and rainimura service temperatures with anticipated fluid prec- 
sures. To show, compliance with this criterion it is desirable that the 
design consist of components that are covered fay recognized standards, 

, where available, and are specified by the manufacturer to be suitable 

■ for the pressure, temperature, and flow application* 


V 


See testing for Criterion 2,3.1 and 5,2*4 plus testing for this 
specific Criterion, 
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Contract #NAS8-32253 
Pro j ect; Collector 


CflLMAC 

TEST RECORD 

ORIGINAL PAGE IS 
OP POOR QUALITY 


1. Item Being Tested: Ability of collector to operate over anticipated range of 
temperature and pressure, 2 13 


2. Test Objectives: To verify that collector can be operated over the pressure and 
termperature ranges anticipated in actual service without breakage, rupture, 
binding, galling, or significant loss in pressure that could impair ±hs its 
functioning. 


3. Location of test facilities and scheduled test dates: 

CAIMftC Factory, simulatneously with efficiency testing, 

4. Prerequisites for Passing or Failing: 

During and after opesiition at different terapenatures and pressures within the normal 
operating range, the collector shall not show any signs of system failure. 


5. Test Procedures: This test will be run simulatneously with the efficiency testing. 

The collector will be operated at a wide range mi of temperatures and pressures, I 
up to 200oF at Uo psi, and observed for any indication of failure of any part of i 
the system, I 


6, Test Results: The collector was operatied at normal operating temperatures and | 

pressures during the period of July and August. During this period the collector | 

was allowed on eccasion to stagnate, which brought the temperatures up to | 

200*^? and above (see test results of test of fail-safe system). No damage was j 

observed at absorber temperatures of 200°F. i| 

Ir 


2^1.4 Criterion Flt^d flpv^in col lectors. When an array of collectors is connected 

by aianifolds, provision shall he incorporated in the cianifolds and/or 
collectors to maintain Che design flow rate of Che heat transfer fluid 
through each collector. 

Evaluation Review of drawings » specifications, historical performance, previous 
test data, and design calculations or testing to determine that each 
collector will receive its design flow rate. 

Comentary Because of friction in the manifold, flow rates may be inadequate 

through collectors remote from the pump or other fluid supply source. 
This can result in inefficient collector operation. The provision of 
flow regulating valves is one means of correcting for this problem. 
Another method is the use of reversed supply and return headers for 
parallel arrays of collectors with graduated header sizes as the flow 
rate In the header changes* Useful design inforsnation is given in 
reference f5]^ 


One collector can be connected to the supply/return plumbing system through 
the header manifold system of one ^ other’ collector. This limitation is 
outlined in the collector manual. 

This configuration is subject to the 5 GPM maximum flow rate ceiling set 
to avoid noise and erosion-corrosion problems. See Criterion 2.1.2, This 
means that using this configuration the maximum flow rate through each 
collector is 2.5 GPM, 


2.1'5 Criterion Encrapprid air , When liquid heat transfer fluids are used, the system 
shall provide suitable means for air removal* 

Evaluation Review of drawings and specifications* 

^Commentary Trapped air in a piping system can impede the flow of liquids through 
piping, decrease pumping efficiency and otherwise reduce system 
efficiency. Possible icing up of exposed fittings is an important 
conalderetion. 


An air vent should be installed in the at the inlet header the collector. 
Because of the small inside diameter of the tubing in the collector ^rapp 
air is readily swept away by circulation of fluid through the system. As 
iesult it is possible to install the collector with the inlet and outlet 
headers located at the lower end of the installation. 

The ease of having air swept out of the tubing has been proven in applica- 
tions using the ICEMAT, which has a similar size and configuration to the 
SUNMAT. We have been able to sweep air out of ICEMATs 200-feet long on 
slopes used for refrigerated toboggan slides. 
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2«1,6 Criterion 


Eveluaclon 


Thermal expansion of flulda ^ Adequate provisions for the thermal 
expansion of heat transfer fluids that would occur over the service 
cemperature range shall be Incorporated into the system designs. 


Review of drawings, specifications and design calculations - 


CoTamtntary Water expands about 42 in volume when heated from 40T to 20Q“F. Other 
heat transfer fluids may have different coefficients of volume expansion* 
Means should be provided in the system design to contain this additional* 
fluid volume without exceeding the operating pressure of tne system or 
resulting in spillage. 


An expansion tank is required in the collector loop* See manual. 


2.1.7 Criterion 


Pressure drops . Pressure drops shall not exceed the limits specified 
xn the design* 


Evaluation Review of calculations, and detailed plan and elevation drawing layouts. 


Concnentary Since the energy requirements of pumps and fans are a function of the 
system flow resistance, pressure drops should be kept as low as 
possible, commensurate with good desiRn. The unnecessary use of fit- 
tings such as bends, tees, globe valves, reducers, or obstructions 
to flow should be avoided by careful arrangement of piping runs* 
Accepted practices for plumbing design are discussed in standard 
plumbing guides [6] t7J* 


See graph showing pressure drop vs. collector length vs. fluid type and 
temperature. 
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TEST RECORD 

Contract #NAS8-32253 
Project 

1. Item Being Tested: jOHAT » CL* 

2. Test Objectives: 


3. Location of test facilities and scheduled test dates; 

CAL, nfl-C fWk |^^0 

4, Prerequisites for Passing or Failing: 

aA: vo-vii t 'tU tLj 4*^ 

ttXjl».nr\., *Ti^« tr^iT'v^Clcv. --• "tZc^ tw -w: 

’X i* 'V>><X‘ . 


0 . Test Procedures: 


^ /V*~^va-txA»*-»^ ^<VA£.'ViA-'L»A «i-s.ej® 




6. Test Results; 
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2.2 At^uirtMnt Machtnical atrejacs * Machanlcal atreases that arlac within th« 

. aystem ahall not cause damage or malfunction of the system or Its 

components • 


2*2.1 Grlcerlon Vibration stress leve ls* Vibrations in piping, ducts, instrumentation 
lines, and control devices shall be controlled to reduce stress levels 
below those tliat could cause fatigue and suhscguent component damage. 


Evaluation Review of drawings, specifications, historical performance, and 
previous test data for adequate piping and equipment supports* 

Comnentary Examples of possible vibration sources in piping are as follows: 

a. Lengths of piping and connecting equipment that are resonant 
with pressure pulsation frequency. 

b. Vibration resulting from motors, pumps, fans, and compressors 
which are not properly mounted. 

c* Water hammer and quick closing valves* 
d. Expansion and contraction of piping on h.ingers. 

Wind pulsations on certain lengths and diameters of piping 
supported by loose hangers or supports. 


Conventional safeguards in the design and installtion of the system must be 
followed. ^ 


2*2*2 Criterion VlbrAtlon from moving parts . Pumps, fans and compressors or similar 
equipment shall be balanced and/or mounted In a nunner that will 
avoid vibration chat could cause damage or exces ive noise as defined 

byHUDUl. 


Evaluation Review of drawings and specifications. ProLiicypc Inspection and test- 
ing if deemed necessary* The equipmeni i.upp*'riing structure shall not 
have natural fraquencles within + 20 percent ui tJii: operating speeds. 
The equipment wher mounted and placed in ope rati uu i.tiould not exceed 
a self-excited vihration velocity of Q.IO inches per second when 
measured with a vibration meter on cue bearing caps of the machine 
in the vertical, horlxontal, and axial direct tons or measured at the 
equipment mounting feet if the bearing caps arc cunccaled(8J , 


The collector contains no moving parts and is not suseeptiole to the 
type of vibration described. 


38 


ftL..-.,., ,V_ 








2#2*4 Crlciirlaii Vacuum p_rorectipn > Closed storage tanks and piping located at 

• leva tlORk above the system served shall be suitably protected against 
collapse by pressure If subjected to a vacuum. Such camponente shall be 
designed to withstand such pressures or have vacuum relief protection. 

Xvaluatlon lievieW of drawinK^ and specifications. 

Couentary Possible collapse of large diameter tanks and piping by atmospheric 
pressure is an important design consideration [ii ] . 


The SUWIAT EPDM tubing^ the copper Unbends and the copper headers are all of 
small diameter and can easily withstand a vacuum* Collectors have been sub- 
jected to vacuums of 10 PSI with no visible change in the tubing or the 
Cdppei components* 


2*2.5 Criterion Tluirmsl chanues . Thu t*ystaro component i* and assemblies shall be 
designed to allow for the thermal contraction and expansion that 
would occur over the aervlce temperature range. 

Evaluation Itevlaw of drawings » apacliicatlona end calculations. 


Contt&entary Piping and other components may experience changes in dimensions as 

a result of temperature changes. Such changes can result In excessive 
stresses within the piping, piping supports, structure, pumps, com- 
pressors, and solar collectors if means are not Incorporated in the 
piping system design to allow for Che ctiermal movement. 


Stresses within the collector resulting from thermal expansion and con- 
traction are accomodated by the high degree of flexibility of the 
materials used in the collector, the EPDM absorber tubing stretches 
and flexes adequately to absorb stress in the absorber system* The 
polyshim glaring seal absorbs stress between the glazing and the 
frame, Tlie use of elongated holes in the mounting frame allows for 
differential exj^msion between the collector and the supporting structure. 


2 . 2*6 Criterion 


Fle xible JcUits . Ail bVatems empluvlng 
designed to be capable of accommoilatlng 


heat transiter fields i>hall be 
fleiving of plumbing and fittings. 


Evaluation kevlew ot drawingti and :^peLll icat 


Points where the inlet and outlet headers pass through the collector wall 
arid join the supply and return plumbing are sealed with flexible materials 
to absorb flexing from expansion and contract ion and from mechanical 
stress. Normal precautions in supporting the supply and return lines must 
be followed. 


OWGINAL PAGE IS 
OF Poor ouautv 
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2.3 


2.3.1 CriUrion 






Laakaf prevent Ion . Syatan a»ia«iibll«i containing hoat crannfar fluids 
shall not leak to an extent nteater chan that specified in the deslan 
when operated at the design conditions* 


treasure test; nonpotable fluids * Those portions of the MC and DHW 
syatesis which contain heat transfer fluids (other thsn air) and are 
nor directly connected to the potable water supply shall not leak 
whan pressures of not less than 1*1/2 tines their working pressure 
are iaposed for a minimum of 15 ninuces. 




m 


evaluation He v law of specifications and testing. The iesc pressure shall be 

applied for a period of tine necessary to inspect each Joint for 
leakage. Ttie pressure gage would be observed for this period to 
deterwine that a pressure drop has not occurred* 



Cosaentary Various building codss differ with regard to pressure tests. 0ns 
plumbing code requires hydrostatic testing at the working pressure 
for water supply piping(X2l* Another code requires hydrostatic 
testing at the working ifressure or an ait pressure test of not less 
than SO psi for not less chan IS minutes(l3 1 . A third code requires 
a hydrostatic test of not less than 25 psi above the working pressure 
(14 I < However* plumbing codes do not give guidance concerning solar 
systems which can contain liquids ocher than water. In these cases* 
hydrostatic testing of the system at 1-1/2 times the maximum is 
considered to be appropriate (15 1* **Oead-Wclght“ testers are frequently 
used to calibrate pressure g«'igesUh). 



The ttaxii^ recommended operating pressure is 20 PSI, See attached test 
results tor oporatldn at elevated temperature and pressure. 
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TEST RECORD 


Contract #NAS8*32253 


Project: 


1, It« Being Tested: ^ Jfcvut jLfrnrvYTi 

1,3.1 r C.Z.H 


2* Test Objectives: ^ ^ 

-fi, ^ U A^{fevMavf*eA w-C-tU*^ 


3, location of test facilities and schcdulf l test dates; 

C A L i^\ C n Z-" “^o. 

4, Prcrdciuisites for Passing or Failing: 


S. Test Procedures: 


5^ rruevuudTca* . * 

/u -U vt^Ui •»- VJio- r-,. 

*'H ' 




6* Test Results: S 

i.j* fec' ^ '^5Tv» ^ 

'6^ 4T a. *•#% 

2.*-/ U'-rvv.CtV cC A,t-d-U-i id-v-v^.. 

*'^ lr^r<>. ii-u *. +Y. 4.x >-^*tciv-N tci-cr, — dti' “\x< tA 

j'* '* e-/ 

Vf^l^' 6 A v.-^ Ar%^ , c UAV.da'tx 

tv**^^** V ‘►f Vr iV * Mi - 'V* ^ ^'*"£.3 < i<*r 

1 - i / ; • _ ^ ‘ I k i # '«. 


cl d t 'k^tv^ 




XvC^ ov'T \i-*‘-W i'“i • t* 


i~*^v 




•utfielMC iolAt «iuir|!y to «oot fuocttonoi ro<oie«»«tti». 


v*.l mtorloi. ort^nt^tion oad ttU . The ooUoctor »ount -hoU bo caprtU of «io- 

tU& ilenign tilt tind orientation* 


Evaluation Rtvleu of drawings and specification*. 


S iJTu ASB«ell 71 . It u ~t th. Ut«.t • 

u!ot cho colloetot noMisarlly ho roortent-d or tiltod ofxer Ittitlol 

IniCoUotlon. 


collectors oust be aounted on sone underlying surface~a roof or plywood 

SJ.T*’**-, “*>' «I «« se«-5uwo«ln* to the extent th« . 
d.x4 or pi|ie ^£rame alone could be used to support them. 


2.Se4 Crltsrion 


r^sslnn protection. Heat transfer liquids shall be prevented frm 
^^••*^*** lowest ojM>ient temperatures that will be cncnuntered 

in actuei use where such freezing would iispair the function of the 
systeaio 


Evaluation Review of drawings and specifications. 

CooMBtarj The purpose of this criterion is to insure that rupture or other 

*®saege to solar collectors and associated piping and equipment will 
not occur froa expansion of water if it freezes. The intent of this 
criterion is not to restrict the designer to the use of antifreeze 
solutions* 
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ORIGINAL 
OF POOR QUALITY 

2.1 laaiilnMnt EMea«»tv«t nrewauf and M WPitTatutt pi’af ctlon» Tti* piping 

2,g Mgninntnt p,o Mct«j aiHSni tuptwrn or intUgn 

fcon wtcwtive pr«ttur«* «od t#»pc«wrt*. 


i.g.l Cricnrioa i«lln< vlv vul vnt» . A* required for protection ®* 

^Bcen deeign. conbinetlon tenpereture end pressure relief 
sepsrece pressure relief valves, pressure reducing valves, and/or 
stnospharie vents ^isll be provided. 

Evslustion lleView of drsuings siid spucllleetlons. 

CoaMOtsry This criterion is intended to prevent safety liszsrds resulting fron 
inadequate pressure and tenperature protection. 


:,sr ji-rs-KS !ias,“ an* « «- 



iel Rtquircvent 


Structurai deRtcn baaiiH e The structural dcslfin of the heating (H)» 
combinct} heaiinft and tpolina (HC) and domestic hot water (DHW) systems 
including connections and supporting structural elements shall be in 
accordance with nationally rccof^nized codes and standards and shall be 
based on loads anticipated during the service life of the systemse 


3al*t Criterion Applicable sta n dards > The structural dcsisn and construction of II, HC 
and DllW systems including connections and structural supports thereof 
shall comply with the following provisions: 

Conventional elements* shall comply with the provisions of the HUD 
Hinimum Property St«indards (MfSHl) for single family and multifamlly 
housing or ANSI All<».l[4]p in the case of mobile homes» and such addi- 
tional criteria as specified in this chapter. Non-conventional 
elements** shall comply with all the criteria stipul.Tted in this chapter* 

Evaluation Review of drawings, specif icat ions and structural calculations. 

Commentary In addition to complying with the design and construction provisions of 
the Hrs or ANRI AU*1«1 (for mobile homes) , conventional elements and 
connections are required to comply with Criteria 3.1,2 (Service loads), 
3,2 « 2 (Ice leads) • i.2,3 (Vehicular loads). 3.5.1 (Design provisions - 
cutting of structural elements), 1.7,1 (Hail sice and loading) , and 
3*9,1 (Dcf:(ign provisions ^ ponding conditions). 


S~ 3.2.J. 3.2.2, J.2.4_ 3 , , 3 ^ ^ ^ ^ 


and 3.9.1 
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3.1.2 


Cvltcvlon 


of M« HC and OHW ayata*** 

t. D«4 <»> «»U « <»• "»••*«" “••■ “"•' “ 

Saccion 601-3 of tha KPS. 

of CiM MP6. 

3. Hind loada (W) ahall *•• !f*lMal*JlS coSlUena ahall 

*. EMreMuaka Io«l« C» ahall wS*« 

ot tC HPS which tafatanca. c^i.«„ta and c««- 


U Doad load equals the systea's own weight, which is about 2.5 pounds/ 
square foot. 0 « 2.5 PSF 

2. L ■ 20 PSF per section 601-5 of the MPS. 

3. W • 1.25 X IS PSF ■ 19 PSF per Section 601-6 of the MPS. 

4. EwZxIxCLxSxWp !■ In^ortance factor * 1 

■Ixlx2*^xlx2.5 Z*1 
■ S.O S • 1, where Cp ■ 2 

Wpw 2.5 (Weight per squre foot) 


^s crtterion siyly established service load standards. Analysis of 


t 


44 





i* Conittraint lodJii caused by the envirunmatUt cuinnal fuocciuning of 
Che system and clme^dependenc changes within the si<icetiais of the 
system shall be taken as the most severe li^kely lu he encountered 
during the service life. 

6« Constraint loads Induced by dlf ferenti*i4 iuundation setticawint shaU 
be taken as those corresponding to a dlfterential foundation settli 
sent of Che nugnitude stated under Criterion 3*8*1. 

7, Ice loads (1) shall be taken as those produced hy the accumulation 
of ice on surfaces exposed to the natural envirunmcnt* The thick* 
ness of ice shall be determined in accordance with Criterion 3.2.2. 

8* Hall loads (H) shall be token as those produced by the impact of 
hall on surfaces exposed to the natural environment. Hail particle 
site and kinetic energy at impact shall be determined in accordance 
with Criterion 3.7.1. 

9* Vehicular loads on below grade installation:* r*hall be determined in 
accordance with Criterion 3*2*3. 


Evaluation For experimental or analytical evaluation of structural response, the 
selection of eye tern components shall be done in a manner representing 
the least margin of safety to the system but consistent with its inter- 
action with structural systems to which they are attached* Test loads 
applied to the system components shall result In the most crltic&l 
conditions encountered In servlet, Addttionsl eccentricities of load- 
ing caused by drift due to lateral loads and anticipated differential 
foundation eettlencnts shell be provided for In tests of supporting 
structural elements of the system* The effects of service history 
caused by fatigue, sustained load, temperature, moisture, ultraviolet 
light or other environmental factors, shall be provided for In tests* 

CoMMintary fht intent of the criterion is to state the requited reliability of 

psrformance and, therefore, the specified loads should have a defined 
probability of occurrence* 

The assumption Is made <vlth the exception of wind and snow loads, which 
are based on statistical analysts) that the HPS 'Meiilgn loads** are 
loads anticipated during the service life of the system* 

The minimum uniformly distributed live load on relatively flat hori- 
zontal and inclined surfaces of the system is taken in accordance 
with roof loads prescribed by MPS. Snow load is based on ANSI AS8.1 
and Is treated as live load In lieu of the MPS roof load if it produces 
a more severe loading condition. This is consistent with HPS which 
uses ANSI AS8.1 by reference* 

Earthquake loads at* determined by the applicable provislona of the 
Uniform Building Code. It Is recognized that for cases involving 
new materiel applications it may be difficult to select the appro* 
priett Cp factor. The prescribed Cp value intended for use with non* 
conventional elemente and connections Is consistent with the values 
specified in UBC for connections of exterior panels* 


5, Neither the environment, normal 
changes are expected to exert loads 
factors as ice or live leads. 


functioning of the system or time-d^endent 
approaching the loads i mposed by such 


6. See 3.S,1. 


7. See 5.2.2, 


8. See 3,7.1, 


9, Vehicular loads do not apply as the 
below grade. 


collectors will not be installed 



3.2 tHiilri— If failm* loa<« and load e»»«cltv. tlie itrueturaX aUatata aad coDnaetlwit 

of eho H* HC and OHtf ayacoo* ahall not fall wndar ultlaaca leada an- 
daring clia aarvleo llfa of cha ayataa. 


3.2.1 Crltorloo Pltloato load coi^lnaelooa . Ren*eonvanclonal olananta and eonoaetlana 

ahnll eoigly with thla erltarlon. (Convantlonal ataaimta and eeanaetlona 
am daoaad to aatlafy chla erltarlon.) 

Struetum) eonyonanta. eonnactloiia and auppertlng alananta ahall bn 
doalgnod for tha following ultimata load eonbioatlona: 

(1) 1.4 D a> 1.7 L 

(2) 0.9 0 *■ 1.7 » 

(3) 0.9 D 1.4S E 

(4) 1.1 D a- 1.3 L 1.7 W 

(5) 1.1 0 1.3 L a- 1.4S E 

wham tha aultlpllara ara load f aetata and tha lattara am tha aarvlea 
leada doflnad in Critarion 3.1.2. 

Banluatloo Eawlaw of atruetural ealeulatloaa* apaelfleatlona and dmwlnga. 


Cemontary Tha Intant of tha erltarlon (along with Critarion 3.2.4) la to provlda 
a ml n l m uB laval of aafacy agalnat loading altuatlena which have a 
aultably low probability of oeeurranea during tha aarvleo Ufa. Tha 
load faetora raproaaat praaane«day doaign praetlea for.buildina structuraa 
and ora almllar to tha load faetora uaad in ACI 310(51. Thaaa faetora 
will produea ultimata leada eonparabla to thoao praaantly oaed in tha 
doaign of ataal atrueturaa. Adoption of almllar lavala of parfotmaneo 
ragulramanta for tha R» HC and OHW ayatama will alao patmlt tha daalgnar 
to onplom tha potaotlal liaa of ayaten conponanta aa atruetural alanaota 
for purpoaaa of providing aneloaura or diaphragn rigidity to tha aup- 
portlng atructiira in addition to choir primary heating and/or cooling 
' function. 


CIJ 1.4 X 2.S ♦ 1.7 X 20 • 37.S 

(2) ,9 X 2.5 + 1.7 X 19 « 34.6 

(3) ,9 X 2,5 + 1.5 X 5,0« 9,5 

(4) 1.1 X 2.5 + 1.3 X 20 + 1.7 x 19 

(5} 1,1 X 2.5 ♦ 1,3 X 20 ♦ 1,5 x 5 


61,9 

36.0 
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3.2*2 Crltulim 


Icm io<d>. 


(a) Abovt*f round Inotallations of eonvontional oltimtt for ubieb ulcluco 
dosifn provioionft apply* and of all non*convaiitloiial aloimts. In* 
eluding connections and structural supports thereof, shall coi^ly 
vith Criterion 3.2*1 for load coiritiitatiofia (1) and (4) in uhich live 
load (L) shall be taken as that produced by the accuaulatlon of Ice 

on all surfaces exposed to the natural envlroneent. 

(b) Above-ground installations of conventional eloaents for uhleh working 

stress design provisions spply, including connections end structural 
supports thereof, shall conply with Criterion 3.2.2(a) with the 
following aodlficatlon: load (actors in load coabinations (I) and 

(4) of Critsrion 3.2*1 shall be taken as 1*0. 

The radial thickness of Ice around the cireuviferenee of exposed vires, 
pipes, and structural nesbers shall be based on the annual frsquency of 
oceurrance of glace shown In Figure 3*2*2 (see reference [6]) end shall 
be cosputed as follows: 


(taran anau.1 .uaber 
of 4*y* with glaze 

under I 

1-* 

4-8 

over 8 

Th telenets of ice 
(Inches) 

0 

1/2 

3/4 

L.O 


evaluation Review of structural calculations* 

CovMntsry The intent of this criterion Is to sceount for the effect of ice loads 
prinarily on wires, pipes and other similar components which are 
exposed to the natural envlronimnt. In recognition of the fact that 
ice storms have been particularly detrimental to such components 
in the past* 

The map of Figure 3.2*2 with documented Information of the sccusuletlon 
of ice recorded for major ice storms 16J and ice loads considered in 
the design of steel transmission pole structures 17] have been utillced 
to relate thickness of ice to frequency of occurrence of such storms. 
This sssumption is made in view of a lack of statistical data on 
aceunulaticm of ice and should result in a generally conaervstlvc 
practice even though It is recognised that thickness of ice esnnot be 
solely expressed in terms of rate of occurrence* 


M.4 po^d.. 


(1) 1.4D ♦ 1.7L « 

(2) I.ID ♦ 1.3L ♦ 


1.4 X 2.5 ♦ 1.7 X 

l.TW « 1,1 X 2.5 ♦ 


S.2 = 12.3 
1.3 X 5.2 




1.7 X 19 . 42 


42 PSF is less than the 75 PSF 


load tested in Criterion 


3. 3. 1. 


ORIGINAL PAGE IS 
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3*2*4 CviMriOB NoB»eaav«icional •laMinca and eoHnneclona ahall ceaply 

vith this cvleartoo. (Coovancional alaMnca ara daaaad to aacitCy thta 
ertcarlon.) 


lha lead eayaelty, R, of cha ayataa or a portion thereof aball ax* 
eaad tha ra^uirad ulttaata load, U, la Crltarlon 3.2.1 and ahall 
be darlvod {torn the aaaa lead capaeity R i 

ulMrtt 

f • v«rlmblllty factor which ahall be auch chat approxioataly 95X 
of thft ayatm or porclona eharcof axeaatf Rg.0 in raalataiica. 

For oonul diacrlbuclon of rtalatanea* 0 • I * la65v, 

V • cotffieiant of variation of rasiatahea with raapaet to 

c ■ eoaffielant for ductility • (u ^ 7)/l2, but not nora than 
laO for loadinga not ineludiiig aarthquaka. and equal to 1*0 
for loadings Including aarthquaka. 

U • ductility factor for loading condition U. aa dafinad under 
Evaluation baiow* 

fvatuation Vhara adaquaca existing teat data on cha various natarlal propartiaa 

eoaprlaing cha ayatan ara available » evaluation will be parfonad uaing 
anglnaariag analysia. Where adaquaca teat data la unavallablat ayatam 
alananti and aubaaaambllaa will be evaluated in the laboratory using 
alMlatod atatle load lavala conaiatant with the aped fled load eoabi* 
aationa* 

the duetlllcy factor will be ovaluatad aa follows; For an ideal alaato* 
plaaclc (ilaselc-parfaetly plastic) rtaiatanct function (plot of 
applied load aa ordlxiata and da flection aa abaclaaa)^ the ductility 
factor ia dafinad aa the ratio of ultimata daflaetion to yield daflaction 
(m * d|| / dw«)* For an actual (nonlinear) function, the ductility 
factor ahali be eompucod from an '*affaeciva” function (Fig* 3*2.4} « The 
affaetiva functlen eonaiata of 2* acraight linaa. The flrat line la 
drawn through cho origin and a point on tha actual function at which tha 
raaiatanca la 60 parcanc of its maximum load value (Fu). Tha aacond 
line la a horixontal line ending at tha ultimata daflaetion (dn). which 
ahall not axcaad chat whara tha raalatuica funcclon falla below 95 
parcanc of Ita maximum load value . ,Tha horlsontal line ia located ao 
diet cha area under cha l^Ilnaa fonUng cha affaetiva function ie equal 
to cha area under tha actual function up to cha point of ultimata da- 
flaetlofi. Effaeclva yield daflaction (dy«) ahall be taken aa tha 
daflaetion at the point of iotaraaetlon of cha 2 lines, which le at a 
raaiatanca level termed ^'affaetiva yield raaiatanca.” Tha duceillcy 
factor ia baaed on cha affaetiva rasiataaea functions u • du/^ya* 

rotntarj Tha iacant of chla crltarlon (along with Critarion 3*2,1} la to provide 
a mlolttiMi level of oafaty agalnat loading altuaeiona which have a 
auitably low probability of oceurranca during aarvica Ufa. 


See 3.2. 1 
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3.3 itBHlrttnt rtmmMam eawttraj.. Th« scruccural •iMcMii snd eofineeciofM WC Md 

OHU •yttwii «haU b* d«»lgiiKd to wichotand ourvteo loads witlwot douigo 
of uaoecoptoblo iu|OiCiHtt. 


3.3.1 cncortoo Roatitanco to daoaoo . Nim>eony«nt tonal olooMtCs and eonnoetlons shall 
eesoly with this eritarion. (Convsncional slstK-nts and eoonsecions art 
dssasd to satisfy this eeltor ton.) ■ 

Undsr ths offset of dofloetlons esusod hy loading cunblnations of (1)» 
(2) and (A) of Crttsrlos 3.2.1, with load factors of 1.0, In addition 
to ths anticipatsd erssy dsflsetions, tbs sj^tsn as a wbols or any 
eooOossnt, eohnoction et suyi^t tharsof, shall not suffsr iMroassnc 
daawgs which would rsqults rs|)laeSiisht or tsyait, or which would ti^aic 
its intsndsd fuactien during its ssrvles Ilfs. 

Erahiatlott evaluation of doeunentsd data for dsslgn, tssts, and iaotallatioo. 

Bv^uatloh iad/or tsstihg of conponshts and slsnsncs whsrs dss^ 
ssssntial. Ouinrhlnstion of conpliaaeo with ssnsrally acesptsd 
standards and sngihssrtng and trads practlcss, wbsrs applieahls. 


tbs sritsrton is desaed satisfied if it can bs dsaonstmtsd chat 
dsflsettons caused by ths spseifisd load ccohihatiohs can ha aceoo- 
■odatsd by suicabla details or adequats flsslbllity. 

CoHsatary lbs inesnt of this criterion is to provide for the proper functioning 
of the sysesR wdsr service loading conditions uithout brsaluioini or 
psmanent inpairaent bsvond levels coaparabls to conventional beating 
and cooling systeos. 


(1) D « L ■ 2.5 s 20 * 22,5 

(2) D + W ■ 2.5 ♦ 19 » 21.5 

(4) p s L +»^ 2.5 ♦ 20 ♦ 19 » 41,5 


Th- J»spe«ed for daiagge and none was noted. See test results 

The effective load on the collector vas 75 PSF. results. 
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V3.I 


2. TfRt Objectives: 
i'o ^ 


• ' 


i. Cecstten ef test facilities and scheduled test dates: 

Oj^lx* WPyC. I i ^ *v 

4, Pvece^uisites fer Passing 0 ^ 

OidietferN >>iert> C i >w Cfc i.i£t».r«A 

t iWUluA 
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' S, Test Precedutes; 
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TEST REGORD 


Contfi^ 




1. ' ItM^'Bviiif Tiitfld 'V 

^ obmmai, ms is 

3.3.1 (panui) OP POOK (JCAUW 


S* Loemtioh of test faciUties w sdiLeduled test datss: 


CAl^^^Hfg. '.CoiT>.. 

'4.rEre:^(t!^iteS ■fai-tinit' 

Tart X* Gonectc^ shottld vri^Stand 4i;S |>Sf 


S« Test Procedures : 


Part i 


1. ) Build frame around collector, extending S'* above collector 

2. ) Build a S" layer of sandCdensity^tOS Ibs./Jt^} ^d sit 


/ft^) 


3.) Remove sand and check for any change in eollector* 


6. Test RestdLts : 


i.) (bllector loaded gradually tip to 9** of sand(75lbs,/ft*) 

2>) After removing sand only a Slight wave was noticed in collector 
' ^ surface. ‘ ^ 

3.) All sides walls and adKerfd areas were Oh^^ with no 
sigiiB.; of damage* 


m 






3*4 Cyclic lomdt * ftCruccurcl clcncncc end eonacetioM of H, HC end 

DH$f eyetemi iheil not fell luider ehe eppUeecion of cyclic loede 
eicpeeced during the aervice life. 


3*4,1 Criterion Deflection limit at lone . Non-conveationeX elenonts end eoiuiectiona ehell 
coeply with thii criterion. (Convent Icitei elenents and connectiona are 
deemed to iatiafy thu criterion.) 

Structural componentat connections and support ini; eXenente slialX be 
capable of resiecing the following repeated loads without failure and 
without a residual deflocilon in excess of 25 percent of the maximum 
deflection measured In the first cycle of load application: 

(1) 100 cycles from 1.0 D to l»0 D •¥ 0.5 L * 

(2) 1000 cycles from 1*0 0 to 1*0 D 0*5 U 


Evaluation niyeicaX almulatlon and testing or analysis based on available teat 
data* 

The cyclic loading (1) and (2h shall be assumed to be applied after 
reducing system slack by the prior application of one preloading cycle 
of the followlnfi loads: 

for (1) from (ID) to (ID ^ IL) 

for (2) from (ID) to (ID ^ IV) 

Cyclic loading shall coemeiice only after deflection recovery from the 
preloading cycle is aubecantlally complete. The residual deflection 
shall be taken as the difference betwten the deflection measured 24 
hours after removal of the superimposed cyclic load and the residual 
deflectiont if any. not recovered from the preloading cycle. 

CoiMiitary Even though the service load history cannot be slnulated the imposition 
of the stipulated cyclic loads Is Intended ss a conservative represents* 
tloh of service conditions* The residual deflection limltaclon assures 
preservation of structural integrity under cyclic loading. 


(1) D - 2.S t) + .51 * 2,5 + .5 X 20 • 12.5 

(2) D » 2.5 D ♦ .5H ■ 2.5 + .5 x 19 « 12,0 

A force of 12.5 PSF was exerted pulliqg agsanst the glazing of a test 
colleger for a thousand <^cles and no damage or measurable residual de- 
fleet ion was noted:: See test results* 

This test Was perfoimed twice » once using a collector without a trim strip 
with the glazing ceniented to the insulation board wall, and the other tine 
«s™g a collector with a trim strip with the glazing held in place with 
Polyshim. 
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3.7.1 CriurioA H*il liM mnA Sy*t« component* and tupportini ttruetural 

that will b« Qxpoaad to eh« natural envlronnant in aarvica 
ahall bi daalRn«d to realat* without axcataiva damaRa or najor tnpair^ 
want of tha functioning of tha ayataWi tha parpandlcular Iwpact of falling 
hail having a particle dlanatar (In inchca) equal to 0.3d whara d fa the 
wean annual number of daye with hall detcrtftlned on the beeie of the hell 

IMP ehown in Figure 3.7*1 (6)* 

* 

Eveluatioo Evaluation will bo baaed on analyata uglng known atructutal information 
on tha physical charactariatlca of the eye tew components or on phyeicel 
simulation and testing using the NBS hell resistance test described In 
the MBS Building Science Set lee 23(9). In tha abeenca of phyalcal teat 
data^ tha portion of the kinetic energy dieaipated by eyetcm cowponente 
shall bi taken as SO percent of the kinetic energy at Impact corresponding 
go the reeultant velocity specif led in Table 3.7*1 (reproduced from Maf. 
(101) for the predetermined hail alee* 

In cases Wliore protective measures are provided to prevent impact of 
hall on system components* such os the use of screens or deflectors* 

(litsa protective measures shell he Included In the test specimens* 


(towwantary It la not the intent of this criterion to prevent punching or local 
cracking of nonettuctural element a such as gists cover plates of 
collector panels under hail impact* but rather to control damage by 
keeping it at a level which would not create a major curtailment in tha 
functioning of the system* premature failure or hazards created by 
aKCasalve shattering of glared eloments. 


Tha correlation of hail sire wJth mean annual number of days with hall 
la baaed on studios on the probability of exceedance of a given particle 
alas ae a function of frequency of occurrence of hail, a twenty year 
recurrence Interval refiecClng the life expectancy of the system and 
observations of atatietlcal data 111) indicating that a representative 
hailstorm area is generally one order of magnitude smaller than the 
regions for which itatistlcal information is compiled* 


The woi^ condition in the U S is 6-8 days/year (mean - 7 days). 

I i/an 4 ^^*^ u ^ kinetic eneigy at inqjact for a 

froi foot/pounds. 50% of that is 25.5. Data 

rom Kal wall shows it takes 25 to 32 foot-pounds to shatter the 

glazing. Fibe^lass reinforced polyester is extremely resistribt 
to this type of stress* 


is 
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3.8 RequiremenC Constraint loads . The structural elements and connections of HC and 
DHW systems shall comply with Criterion 3.2.1 while simultaneously 
sublected to ccistraint loads expected during the service life. 


3.8.1 Criterion 


Foundation settlement; contraction and expansion . Non-convent lonal 
elements and connections shall comply with this criterion. (Conventional 
elements and connections are deemed to satisfy this criterion.) 


System components, connections and supporting elements shall comply 
with Criterion 3.2.1 while simultaneously subjected to the following 
constraint conditions: 


1. A differential foundation settlement of 2 inches in any horizontal 
distance of 50 feet except that in cases where the foundation at 

a particular site is specifically designed to control differential 
settlements, the constraint conditions should be those consistent 
with the specified design. Uplift forces caused by a swelling of 
ei^pansive soils shall be calculated assuming a level of 0.9D for 
gravity loads. 

2. Constraint loads arising from thermal expansion and contraction of 
system components and structural elements or from time-dependent 
changes within the material. 

Evaluation Analysis and/or physical simulation. 

Conmentary Soil-structure interaction is usually a design function since con- 

straint loads are dependent on the characteristics of the soil as 
well as the effects of structural framing. Due to economic considera- 
tions in foundation design, the assumption is usually made that the 
superstructure is capable of accoounodat ing a reasonable amount of 
differential settlement. The requirement in part (1) is consistent 
with observed perforuience of conventionally designed foundations and 
represents the threshold at which structural damage occurs. This 
criterion is relaxed when special precautions are used in foundation 
design to control differential settlements. 

The requirements In part (2) of the criterion account for other types 
of constraint loads such as those introduced by thermal expansion 
and contraction of system components or creep and shrinkage in support- 
ing structural elements. 


Stress created by foundation settlenent will be absorbed by the ability 
of the collector to flex to a small degree. The absorber tubing, insulation 
and frame pieces can all withstand slight bending and flexing. 


Stress created by differential expansion between the collector and its 
supporting structural elements can be absorbed partly by the ability to 
flex as described above, and also by proper mounting procedures. 


\ 
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3.9 laqulraMBt Pondlna condittwt. .. Uorlzoncal itMrfzcttN of th* H, IIC and OHW syntcan. 

shall btt dttslgnod tn a atannar that will aaaura atablllty In aarvlca 
undat ponding ceu Jit Iona. 


3.9.1 Crltarlon Daalan nrovlslona. Horizontal aurfacaa axpoaed to tha axtarlor anv. 

aant ahall ha daalgncil to iuva either aufflclant atlffnaaa to prevent 
failure at a raault of ponding cauaed by tha aecuaulatlon of water or 
shall be provided with wufflelent slope to pernlt free drainage or 
adequate individual drains to prevent the accuaulatlon of water. 

tvaluatlon Analysis based on docunenced .strength and stiffness properties or 
physical slimtlatlon and testing. 

Cownentary Ponding ts delined os the retention of water due to the deflection of 
horizontal surfaces. The lack of sufficient vortical stiffness c.inses 
the surface to contfnuously deflect and accumulate iiddftional water 
until collapse occurs. 


The collector* has a design minitium slope requirement of 2 in 12, This 
allows water to run off the glazing. A test was performed to insure 
that at a 2 in 12 slope water would run off. See test results. 


’ ORIGINAL PAGE IS 
OP POOR QUAUTY 
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CRimc 


Contract *NAS8-322S3 
Project: CMmCn 


TEST REc ORO 


1. Item Being Tested: ^ 

2. Test Objectives: 

^Te ^ C»k ei^cy^ w>fa\ wiXl 


3. Location of test facilities and scl eduled test dates; 

CALM^tCfc:C«„ fUJ> (c- AM ' f ’■'•■'''!) 

4. Prerequisites for Passing or Failirs; 

^ A'^-Ovijl Af>ft 4>C«uAlutij^ t-rv 


OF POOR QOM-in' 


5. Test Procedures: 


\) Sik 4A«|a*«i'2- **- 








**) l^lii(9AA.4dL E-v'o^vm-* ^ ej 
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Test Results : 
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4.1 iMHiMMnC PliwblBB *Bd. «a«ctgle4l liiBf nation . Th* dmim «nd liwuilUtloB pf 
Chp ajpptPM fpr hpptlng W, eoabiiipd twatlng and cooling (UC) and cba 
doMatie hot vaenr (DW) ayacao/aiibajraean and choir eooponanta ahall ho 
in oeeordaneo t^ch nationally coeogniaod plucking and oloetrical eodoa 
and atandacda for hoalch and aafotyf nboco applicablo. 


4.1*1 Crictrioo gluabing codon and acandarda. Pluabing ucoriala and ofaipotnc ^ 
Choir inatallaCion ahall bo in aecordaneo wieh SoeCiona SIS and 41S 
of Cho HPS <4900.1 and 4910 .1)[1] and Parc C of AKSI 4119. 1C2I, oboro 
applicablo. 

Svalnation Boviow of dravinga and apoeif leaciena . Toacing co aheo eonplionco, 
idwro naeoaaary* 

CaaaooCary Suitablo acandarda arc avatlablo for conoondonal oqulpiMnt . Onlgoo 
innovacivo Inocallatlona nay ro^ulro apneial conaidoration. 


Ml pliobing connections are standard, A review of the National Standard 
Plugging (Sodp did not indicate any areas where the collector would 
not be in coipliance. 


4.2 Xo^iiiroaont Pail-aafo controla . The H, OC and DHW a^atoaia ahall bo fail^aafo in 
Cho ovcnt of daottgo Co oyaton conpononca or a power failora . 


4.2.1 Criccrion Svaten failure oreventlon . The control eubayecen shall ba designed eo 
Chet in Che evcnc of a pewar failure , or a f alluro of any of the con- 
ponence in che aubsyscea, the temperacurea and/or pressures developed 
in Che H, HC and OilW eystena will not be daiuKlng Co any of Che coa- 
ponenre of Che systene* and the building, or preaent a danger Co the 
occupants. The safety devices shall meet the requirenents of Section 
SlS-6.4 of Che MPS (4900.1 and 4910. 1){1). 


Evaluation Review of drawtnge, specifics Clone and design calculations. 

Perfocn teat of fall-aafc control Installation for all probable 
feilure events. 

CmgiQiicary The cacceeivo preeeuree end cenpcreturce chat can build up in collac* 
ton undar “no flow" conditions an an toporcanc constderaclon. 
Conaldaracion should ba givan eo cba Chernal shock tdilch could occur 
whan cool hast transfer fluids are introduced into collaecora which 
have bean axpoaad to aolac radiation under *'no flew" eondiciena. 
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CflLM/IC 

TEST RECORD 

Contract iNAS8-322SS ' 

Project: 

U tin Being Tested: ^ C‘f.2.l) 


2. Test Objectives: TO verify that in the event of a power failure, or failure of 
any other eonqxHwnts of the pyetem, no dainagewill result to the other components 
of the system or to the building and its occupants* 


3* Location of test facilit* and sdieduled test dates: 

CAimC factory, fle^ I ? - ^ 

4. Prerequisites for Passing or Failing: if the temperature/pressure relief valve 

opens at the fO’escribed teoqperature/pressure, the fail safe- system will have 
passed* The teat will be repeated several times for various combinations of 
temperature or pressura* 


S. rest Procedures: The temperature/pressure relief valve will be set at and 

bo psi* Water pressure will be flowed to increase up to hO psi and beyond until 
the valve opena>*the point at which it opens will be noted, and the test repeated 
several times to deterndne the variance* Die aane procedure will be repeated with 
by increasing the water temperature up to 225 oF and beyond until the valve opens* 
the point at which it opens will be noted, and the test repeated aeveral t imes 
to determine the variance* 


6. Test Restdts: 

The coUectcr was allowed to stagnate for 1 hour ^nmp off) on a sunny day 
(insolation 2510-270 BTU/hr/ft^)* The pump was then turned on with valve closed 
at pump outlet and valve slowly opened* Collector outlet thermocoi^le tempera- 
tures adjoining releif valve were observed* Relief valve opened at 210°F* 

This was repeated for a total of three tests* Pressure relief valve was also 
tested by adjusting the pressure regulating valve up through 1:0 PSI from a 
lower pressure* Relief valve opened at UO PSI on three separate tests* 
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4>2*2 Criterion 


£valuotioo 


toteaotie oroopugo raiiof vaiw . Adoquotoly olied and rotpoMlvo 
ucmtle pnoouro roliof valvM ahaU ba provldad in thoaa parta 
tranaport aubayataa containing praaaurltad flulda. 

tb!r 25 ^LrI!!I?“f* valvaa ahall ba aae to open at net iaaa 

than 25 percent In exceaa of working praaaura and at not a»ra than 
■axiaua preaaure for which the aubayataa la dealgned. 

fiwclflcatlooa, and/or deterainatlon that aethoda. 
f*Y^**** ■otarlala to ba uaed are approved by a recognlxed teatlna 
and evaluation agency as being aultable for the proposed uae. * 


See 4.2.1 and aeconpanying test leaults. 


4.5 tequlrsaant 


Flr> tafety , Th« design and IngtgllAtion of tho Hg HC and OIW cyttgmi 
dOd choir conpononco ohalX provldo o ©inimm Itvol of flro iofoty 
conolotonc with appllcoblo codoo and stondordta 


4.3.1 Crltoriofi 


Etfoluation 


Aanlieable fire standards. AaseabUea and the aaterlals used In the 
h/hc and DHW aystens shall comply with nationally recognised eodea and 
atandards for fire safety, where applicable. 


kaview of drawings and specifications for coofornanee with the MPS. 

applicable sections of NFP* 89MIU, 90* 

90EI51. hFPA 21116 J, NFPA 56I7J, NFPA 31(8], ASTM E 10819] and the 
National Electric Code llO]. testing to show conpllance, when nec- 
sssary. Potential heat, rate of heat release, ease of ignition, and 
smoke generation will be considered In assessing potentia firs 


Conmutory It is the intent of this criterion to (1> prevent the uie of material s. 

equipment and fluids which present a fire hazard significantly greater 
than that of conventional systems, <2) to provide proper clearances and 
venting of heat build-up for those system components that operate 
at elevated temperatures, and (3) to give consideration to the com- 
bustibility of maiterlals adjacent to high temperature consponenta in 
detcrninlng the cleorunces that arc retjulredc 


the specifications for the materials used in the collector 
indicates conqpliance with applicable fire standards. 



4*3*2 Crl€«vtm 


Uaimtien 


CoNMaegBy 


«M*y»Uo * »«Mer«tloas ehroufh fir* 
«'“**»»»• roof** «tc. shall not rtdues ths 

mJs (J!oo"l ■»'***^*«’* *«» S««tlon 40S of ths 

nps (S900.1 sad 4910. 1)U}, tih*«n spallcshlo* 


teviow of drowlnt* and spoeifieatlono. 
whoro nceastary* 


Toatins to show eoaplianet, 


f* «*lt«*cloo (l) to pvovsnt cho oassats of 

^*‘'S“*** fiw-rstad asaoohlios from advarsoly 

!hlr««5.r‘'f.5i'^r «»• ooftobly, and (5) to anauro 

M *hSr*f3' tachnlauos arc eaploysd In eonseructint Chaao eomonants 
so that sdaattaca protoctlen eon bo provided. 


Nothing in the design of the systea fox aountlhg the collector affects 
^e fire resistance of penetrations thifpugh the roof structure. 


4*4 assulrsoont Tonic and tlanainblc fluid* . Heat transfer fluids tdilch raduir* soactal 
handling beeausa of tonicity and/or flamabllity shall not be used 
unless the aystens in which they are used ate designed to avoid exposing 
the occupants of dwellings to unreaaonahlo hasarda. 


4.4.1 Crltarien Provision of catch bastniw Adequately stxcd and protected catch 
basina shall ba provided , when liquids raouiring special handling 
are used, to collect and store the overflow froo pressure relief 
velvet , liqulda drained from the systen when it is being serviced* 
potential leakage* and accidental drainage. 

Evaluecton Review of drawtnge and specif Icationa. 

Goanantery Tha leakage of toxic fluids into the ground could eontaninace the 
ground water. 


ot a catch beam t» 

the tenperature/pressure relief systea is caiiea 
for the collector* 
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^-4.2 Crlteridii 


£v»lti«tion 

CoBMncdry 


<l«14. uhlch d. ut »«-y.r...r.., »e« tr.o.«„ 

!».«.«,. „ th. rs "• 


Testing nf detection end 


The use of a catch basin (4.4,1) provides evidence of overflow from the 
system. The use of a pressure gauge in the collector loop provides a means 
of identifying leaks in the system— if a leak develops pressure in the system 
will drop. The use of a pressure gauge is called for in the collector 
manual . 


\ 

U.i asguirsiDsnc 


PTOCsctlon of. BOtsbl* wstsr and cl-gculs tsd slf. Ho iMCsrlslt 
cdnscructl^t flxturs. sppurtsosncs dr Itsis of oqulpaont aboil bo 
oanloyod that wlH support tha growth of alero-orgonioH or introduco 
toxic oubocrtieoot itpuritlso, baccaria or chamlcals Into pocab^ water 
and air elccuiatlon ayaccoa In guancltlas aufflclant to causa dlaaasa 
or bamful phyalologlcal affecta. 


4.6.1 Criterion 


Evaluation 


Contawlnatlon bv Batariala . 
with potable water stiall not 
apd appaarance of the water 


Hacerlala which cone In direct contact 
affact the taate, odor or phyalcal quality 
in an undcalrablc Banner . 


Review of plana and specif icaclone for compliance with the 
Edition of the Public Health Service Drinking Water Stenderde llij. 


See the attached certification from the tubing supplier. This particular 
formulation of tubing has been used in food-grade applications such as for 
the spout in a coffee vending machine. 

Early production items, including those manufactured for NASA, were not 
made from tubing from this supplier and should not be used in potable 
water systems. A notice to this effect has been included in the manuals 
delivered with collectors made from non-certified tubing. 


ORIGWAL 

OF POOR i ' 
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RUBBER CORPORATION 


1ST MAPLE BOULEVARD. PAWLING, N. Y. 12S64. 


MANUFACTURERS OF 

RUBBER. PLASTIC AND SlUCONE EXTRUSIONS 
MOLDED RUBBER PRODUCTS 

parco>link9 mats and matting 

AREA CODE 914. 86B-1000 


December 6, 1977 


CERTIFICATION 

This is to certify that all of the ingredients used in EPDM 
compound E-809 are within the limitations prescribed by the 
Food and Drug Administration as listed in the Federal Register 
under paragraph 121.2562. 

PAWLING RUBBER CORPORATION 
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THE PRESRAY CORP. - Mapl« Blvd.. Pawling, N. Y. • 3973 E. Bayahora Blvd.. Palo Alto. CaJ. 



4*6.3 Crlt«rlcft Back f low prevention . Backflow of tioRpotable heat transfer flolda « 

into the potable water aystetns shall be prevented, 

Eveltiatlon Kevlev of drawings and specifications. T*ispection of aaaenbled 

ayettaia. ^ 

Coanentary Pollution of the potable water aupply can occur by way of backclo/ 
cauaed by back pressure and/or backslphonage within a croas conni*c^ 
tion between the potable supply and nonpotabie fluid In the aystr:ii. 

The for»er type of backflow can occur, for example, fron elevated 
tanka, or pumps. The latter can occur when the potable water supply 
ayscem la under vacuum such as might occur with a broken •creef’'afcr 
uln. 

Piping arrangements, backflow prevention aevices, and/or air gaps 
may be uaed to prevent contamination of the potable water system. 


The use of eheek valves and double-walled heat exchangers is actively 
being discussed by HUD and the solar industry, arid this topic is not 
explicitly covered in the collector manual. Nothing in the collector 
design affects the use of these items. 


4*6.4 Criterion GrojJth of fuiiBl . Components and ruit^^rlals used tn the H, HG and 
aystetns shall not promote the growth of fungi, mold or mildew. * 


Evaluation 


Commentary 


When tested in accordance with Appendix D, Section E of the MTS 
(4900.1 and 4910,l)tlJ, there shouj.d be no evidence of the growth cf 
fungi . 

Special consideration should be given to the presence of fungi In 
air handling systems since such mi rro -organisms are frequently 
allergenic. 

Fungi can feed on some organic materials and generally thrive Ir- warm, 
moist environments. They can be killed by sufficiently low w*avelength 
ultraviolet radlatiwn but much of this radiation may be absorbed by 
the earth's atmosphere. It may be possible for fungi to grow on both 
the interior and exterior oi collector components and possibly affect 
the collector performance. 


Material specif ieations for the fiberglass insulation, where fungi 
would most likely grow, indicate resistance to this type of growth. 
Operation of collectors prior to and during the contract showed no 
evidence of growth of fungi either on the interior or exterior of 
the collectiGr con^onents. 
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4«7 I«4ttlteuttt 


l«C€<aiv aurf 4 Ct tcBpfctwCttrM i Tamparacurat of axtarlor aurfacaa of 
tlia H| HC and DHU ayacturb ahall not craaca a haaard* 


4»7.1 Crltarioa Protact Ion frcin haatcd cowpcnanta . Subaaaembllea of tha HC and UHW 
ayatama that ara accaaalbla^ located in araaa normally subjactad to 
public traffic and which ara naintainad at alavated camparaturas 
ahall aithar ba inaulatad to maintain tb^lc surface camparaturas ac 
or balou 140^F at all tlmas during thair oparation or suitably isolated. 
Any othar axposed araas that ara uintainad at hasardous tamparatures 
■hall ba Idaotlfiad with appropriaca warning stgna. 

Evaluation Raviav of drawings and apaclficatlona. 


The collector is not likely to be. located in areas subjected to 
public traffic, and the glazing would only mproach* 140* under 
unusual situations* 
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5*1 R«<julrMent Efferti of external environntent t The systems for hestlng (K) snd 
combined heating and cooling (HC) and the domestic hot water <0!»W) 
system/ subsystem and their various subassemblies shall not be affected 
by external environmental factors to an extent that will significantly 
Impair their function during their design life* 


5tl,l Criterion Solar degradation . Components or materials that are exposed to sun- 
light shall not undergo changes In their properties during their design 
life that would significantly impair the function of the system. 

a. When components or materials are exposed to L^V radiation In 
combination with an intermittent water spray at their maximum 
**no-flow’’ temperature, there shall be no signs of excessive 
deterioration such as cracking, craxtng, embrittlement, etching, 
loss of adhesion, changes in permeability, loss in flexural strength 
or any other changes that would signlf Icantly affect tne pertormanec 
of the components In the system, 

b. The collector shall be capable of providing its rated output after 
exposure to levels and intensicies of solar radiation and tempera- 
tures that are equivalent to those that would be expected in 
actual use over the life of the collector. 

Evaluation Documentation of satisfactory long term performance under in-use 

conditions or engineering analysis. Wliere adequate existing Iniorroatlon 
is unavailable, testing using either f he methodology outlined in Section 
03 of the Appendix given at the end of this chapter or other methods 
which can be shown to meet the intent of the criterion will be used* 

Comaentary The transmittance, emittanee and absorptance data required to estimate 
the effects of degradation by solar radiation in reducing the collec- 
tor efficiency are available for most materials currently being used 
in collectors* 

The maximum '*no flow*’ temperature and other In-use temperatures are 
discussed in detail in Section dl of the Appendix at the end of this 
chapter f 

Kalwall: See summar>- of testing done by Kalwall Corp, 

EPDM Tubing; Samples were subjected to a four-month accelerated test 
on DSET's ENM‘\QUA (Equatorial Mount with Mirrors for Acceleration Plus 
Water) equipment and showed no signs of cracking, dimensional change, 
chalking or other deterioration. This test provided the equivalent of 
about 31/3 years of normal exposure. One sanrole was under a sinele 
glazing of KALWALL. 

GAL-20RB: Tliis particular material is 35* carbon black by weight, and 
iS made of a base of urethane which has ver>’ good resistance to o-one 
ultraviolet and heat-aging. ’ 

Noryl: See manufacturer’s data package. 

Complete Collector; See DSET results of testing in accordance with 
ASHRAE 93-77. 
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S.L.3 Crltartea 


SvaliMCios 


CWMMOMty. 


Airborne oollue*nt«. Conpoonnit thet »t« exposed to elrbotne poUu- 
tente ouch U ocont. eelt eprey, SO 2 , NO*, end/or HCl ®r 
Che presence of siolscore shell be rsslstent to etteck by these factors 
to the extent that these faetors shall not significantly lapalr the 
perforstance of the coaponents during their design life, 

Docuaentation of satisfactory long taro performance 

eondltlons or engineering aoalyals. Where ** mJ-L wUon 

is unavailable, testing using either the methodology outlined In Swctlon 

OS of the Appendix given at the end of this chapter or "“*^®j** 

uhleb can be shown to meet the Intent of the criterion will be used. 

the •axiaua pollutant levels In the areals) where the syatea *** 
Inatalled shall be used to detemlne the pollutant levels required for 
testing. If eoaponents ars to be used In areas wtwre ^‘‘•^ *** "“* 
exposed to any or all of these pollutants, tests that ace not applic 
abl* iiMd not b* conducted a 

concentrations In normal dry air have been reported to range 
from 1-5 pphn/volume. However, concentrations of 100 pphn/volume have 
reported during very smoggy conditions. Otone is knovra to degrade 
Bos» organic materials but It has little effect on Inorganic materials 
och«r than oat alt* 

The effect* of solar radiation In combloatlon with airborne pollutant 
My alto ba an inporcant coaaldaraclons 


Kalwall glazing: See Manufacturer's data package. 
EPDM Tii>ing: See data package on EPDM, 


CAL-Zorij: See data package on Gal-Zoib and urethane. 


Noiyl; See manufacturer's data package. 

Poly^im: See Manufacturer's data, TTiis material is being usee 

engineered to be used. The .other materials are being 
non- conventional ways * 


exactly 
used in 


S.1.4 Critorlon 


M coUactor cover piece 

^ ? collect end retain dirt to an axtsnc that would 

algnlflcancly lapalr cha function of the collector during lea design 


Evsluatloo 
C o— a ntary 


analysis, doeuaancaclon of satlafactory long-earm parfer- 
manca undsr In-uae condlelona and ravlew of plena and sped flcL Iona. 

Sr fj”^**^* «®ll*«*fon and racenclon of dirt by tha cover plate and 
** rctalnad dirt on the collactor parformanca nay ba 
1 *"* ' «t*neion of dirt nay dapend on the tilt angla of 

kal« ara generally aufflclane to 

hasp the collactor cover plates clean. 


The minimum recomended angle of installation is 2 in 12. This angle 
allows rainwater to run off and to keep the glazing clean. This re- ^ 
qulrement is spelled out in the collector manual. 
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5*1«5 Criterion Abreelvc wear * The Ability of the collector to function «c Ice reted 
cepeclcy shell not be significantly impaired by the abrasive wear to 
which its surface will be subjected over Its design life. 


Evaluaclao Engineering analyslst documentation of satisfactory long-'term 

performance under In-uoe conditions and review of surface hardness 
specifications for cover plate materl.ils, 

Comnantary Test methods which sre currently available for measuring abrasion 
resistance ace believed to be too stringent for testing organic 
collector cover plates. Abrasive wear Is expected to present a 
possible problem In areas subject to wind driven sand. 


Some surface erosion of the Kalwall polyester glazing is expected, 
and resurfacing of the glazing every five to seven years is called 
for in the manual. See Kalwall's data package. 


3«1.6 Criterion Fluttering by wtjnd , Components that are subject to fluttering by 

wind shall not degrade under in*use conditions to an extent that thclf 
function will be impaired during their design life. 

Evaluation Documentation of satisfactory long-term performance under in-use^ 
conditions, engineering analysis, or testing using an experimental 
verification procedure which can be shown to meet the Intent of 
the criterion. 


Conmientary Thin films that increase In brittleness at low temperatures may be 
particularly susceptible to degradation by fluttering by wind. 


Kalwall *s resilience over a wide range of ten^eratures and over 
long periods of time is documented in the Kalwall data package. 

The effect of flvtttering on the bond between the Kalwall and the 
collector has been effectively tested in the testing of the 
collector's structural strength. See test results for 3.3,1. 

A 7S-mph wind across the face of the collector was also created 
using a wind tunnel in the factory with no evidence of breakdown. 
See test results. 
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5. Test Procedures 




C^KiV t,v Ji >* C: * -vU,*Vc- 




6. Test Results; f .-.U-- '^TTC -v-yw c.-v ,-,C 

u.-v> o-cift.'it'* i , i)0~\,U'o<i »-£ Vxi,C/‘v 






S.2 •cquirtMat 


T—peftuge ■lid re»lat»nce . Conponent* shall be capable of 

perfoniog chair Intended function tor their design life when exposed 
ke the toaperatures and pres.'ures that can be developed In khe eysteai 


^ .1 Crlkerlon 


Evaluacton 


degradation . Coaponents shall not theraally degrade to the 
extent that their function will be reduced below acceptable levels 
during their design life when exposed to in-use tenperatures , 


Oocuncntatlon of setisfactory long tern perfomance under in-use 
conditions or engineering analysis. Vhere adequete existing infomtlon 
is uneveileble* testing using either the nethodology outlined in Section 
06 of the Appendix given at the end of this chapter or other nethods 
which can be shown to neet the Intent of the criterion will be used. 


CooMntsry Sone orgsntc components which may be used in the eystem mey be 
pArclcularly aiiscepttbl<& to degradation uo^iar prolonged 

exposure • 


Kalwall glazing: See Kalwall data package. 

EPDM: See deseriptive data package on EPDM.Also see test results 
fox Criterion 5.2.4, 

Cal^Zorb: See data on Cal-Zorb. In addition^ collectors using the 
a^esive have been stagnated at absorber temperatures close to SOO^F 
without deterioration • 

Noryl: See descriptive data. 

1300 Cement; See product specifications. 

Fiberglass insulation: See manufacturer’s specifications. 


5.2.2 Criterion Deterloraclon of heat tranefer fluids . Except when such changes are 

allowed by the deaign of the system, the heat transfer fluid shall not 
freeze, give rise to excessive precipitation, otherwise lose Its 
homogeneity, boll, change pH or undergo Isrge changes In viscosity 
when exposed to its Intended survice temperature and pressure range . 


Evaluation Documentation of satisfactory long term performance under ln*use 

conditions or engineering analysis. Where adequate existing InforTnation 
Is unavailable, testing using either the methodology outlined in Section 
» 07 of the Appendix given at the end of this chapter or other methods 

which can be ehown to meet the Intent of the criterion will be used* 


Conmentary Thermal cycling may cause metaatable precipitation to occur. Systems 
may be prcaaurleed to prevent boiling. 


Maintenance of the heat transfer fluid is called for in the collector manual. 
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3«««3 Crlttrion 


£vAliiAtlon 


Cauacncary 


ORIGINAL t»AGI<: IS 
01*' POOK aUALllY 

Th<i^l ^cllng ■tr€<ma. The H» HC end OHU eyeteme end their verloue 
■ubeieenbliae ehall be cepeblt of withetending the etrtaeee Induced 
by chermel cycling for their reepectlve deelgn Uvea. 

Docuttentetlon of eeclefectory long term perfornence under In-uee 
condltlona or engineering enalyele. Where adequate existing Infonnacton 
ie unavailable t teeclng using either the methodology outlined In Section 
08 of Che Appendix given at the end of this chapter or other methods 
which can be ehown to meet the intent of the criterion will be used. 

Physical raetrainte that will be Imposed on the ayscem la actual uae 
ehall be considered when testing Is required. 

This criterion is intended to Identify potential problems that may 
occur as a result ot differencial thermal movement. Thermal compatl*- 
blllty is especially critical in the case of collectors which may 
contain large expanses of gliizlng. Edge flaws In glass may result 
In cracking of the glass when it la under stress. 


See 2.2.S. 


5«2«4 Criterion 


Evaluation 


Leakage . All aescmblies or subassemblies which concsin hast transfer 
fluids (other than sir) shall not leak when tested at a pressure equal 
to 150t of Che working pressure of the ayscem over the entlra service 
temperature range. 

Documentation of satisfactory long term performance under In'^uas 
conditions or engineering anslyeia. Where adequate existing Information 
is unavailable, testing using either the methodology outlined In Section 
09 of the Appendix given at the end of this chapter or ocher methods 
which can be shown to meet the Intent of the criterion will be used. 


CosBentary This criterion la intended for materials which may creep or become 
brittle at service temperatures. 


See Test results for Criterion 2,5.1. 


5.2.5 Crlcsrlofi peterioratipn. pf ga ske-ts and seal^tnta . Caskets and sealants In 
direct contact with heat transfer liquids shall be capable of 
vlchstanding repeated cycles consisting of soaking and drying 
under Infuse conditions without significantly impairing their 
ability to function during their design life. 


Evaluation Documentation of satisfactory long term performance under In-uaa 
t conditions or engineering analysis. Where adequate existing Information 

is unavailable, testing using either the methodology outlined in Section 
10 of the Appendix given at tire end of this chapter or other methods 
which can be shown to meet the Intent of the criterion will be used. 


Commantary Caskets, sealants, and similar organic materials frequently swell when 
exposed to liquids and shrink upon drying, thus losing their ability 
to function. 


No gaskets or sealants other than cement at the connection 
between the headers /U-»bends and the tubing are used. This cement is 
an epoxy and does not absorb liquid or swell in use. 
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5.2.6 Criurlon 


Evaluation 


■»v,«.witi. .lan loaaes due to outgaBsing . Ootgaaolng of volatllea that 
vill Toduee eolleetor performance below apeclfled design values shall 
not occur when the collector is exposed tj the temperature and pressures 
that will occur In actual aervlce, 

Documentation of aatlafactory long term performance under In'-uae 
conditions or engineering analysis s Where adcrquate existing info^cion 
la unavailable, testing using either the methodology outlined In Section 
11 of the Appendix given at the end of this chapter or other methods 
which can be shown to meet the intent of the criterion will be used. 

CcwtntirT Outgassing from components inside the collector could conden* 

aation on the underside of the collector cover plates which may reduce 
the transmlBsivlty of the cover plates. 


The organic binder in the rigid board fiberglass will vaporize to a certain 
extent at temperatures the collector might reach during stagnation (2S0®F+), 
*n>is problem was experienced during testing. By outgasing the insulation 
in an oven at 350®F for an hour the organic material that outgases at these* 
temperatures is driven off. Since initiating this practice no problem with 
outgassing has appeared. 


5.3 RcquiremenC ChemlGSl compatibility of components . Material?^ usod In the systems 
and their varlcus subassemblies shall have sufficient chemical 
coRipatlblllty to prevent corrosive wear and deterioration that would 
significantly shorten the intended service life of components under in- 
use conditions. 


5*3,1 Criterion Ha ter 1 a 1 s / 1 ran s f er f lu id coir pa t i b 11 i t y , Materials designed to be used 

in contact with heat transfer fluids shall not be corroded by these 
fluids to the extent that their function will be significantly 
impaired under Infuse conditions during their Intended service lives* 

Evaluation Documentation of satisfactory long term performance under In-use 

conditions or engineering analysis* Where adequate existing information 
is unavailable, testing using either the mediodology outlined in Section 
12 of the Appendix given at the end of this chapter or other methods 
which Gan be shown to meet the Intent of the criterion will be used. 


Gonunentary Corrosion by heat transfer fluids could be a serious problem In solar 
energy systems. 


The only two components in contact with the heat transfer fluid are 
the copper headers/U-bends and the EPCM tubing. Copper is used exten* 
sively in the collector field and has been proven to he compatible 
with water and glycol mixtures. The EPDM tubing is used in the 
automotive industry as radiator hose where glycol antifreeze is 
coJEmonly used, and no chemical incompatibility has been noticed. 
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5i3*2 Gr iter Ion Corrosion of dissimilar roaterials * Mon- 1 solaced dissimilar materials 
with or without eorroslon resistant finishes, where used cither in 
contact with a transfer fluid, or without such contact, shall not be 
corroded to the extent that their function will be algnlf leant ly 
impaired under In-use condition# during their Intended service lives* 


Evaluation 


Documentation of aaclafactory long term peTformaoct 

condition# or engineering analyaia« Where adequate exlatlng inf option 
la unavallabla, testing using either the methodology outlined in Section 
13 of the Appendix given at the end of this chapter or other methodii 
he »howR CO meet the intent of the cricerlon will be used. 


CotaaenCary The uee of corroelon inhibltore or dielectric flttlnge that electri- 
cally lac'late dlaaimilar materlaJa may be dealrable. In the of 

plaetica, plasticizer migration may !*e a concern. The presence of 
pinholes in protective coatings may drastically accelerate corrosive 
action « 


Copper is the only metal used in the eolleetor, so there are no cases 
of dissiinilar metals which might corrode through galvanic action. * 

All the other materials are plasties and elastomers which have shown no 
evidence of corrosion or chemical interaction during the months of testing 
and use. 

The 60/40 solder used in the copper headers is designed specifically for use 
With copper to avoid eorrosion . 


3«3e3 Crltarion Corroalon.bv Icaghablfc substance a . Chemical aubacaiicea chat can be 
leached' by moiature from any of the materials within the system shall 
not cause corrosive deterioration of any ocher components chat would 
algnificantXy Impair the ability of these components to perform their 
intended function over their service lives* 


Evaluation Documentation of aac Is factory long term performance under in-use 

conditions or engineering analysis* Where adequate existing information 
Is unavailable, testing using either Che methodology outlined In Section 
14 of Che Appendix given at the end of this chapter or ocher mechoda 
which can be shown to meet Che intent of the criterion will be used, 

Coomantary Salta such as those that can be leached by molstura from some types 

of glass fiber and mineral wool insulation or from organic cemponanta 
may cause corrosion of system components chat arc In close proxlnlcy. 


The fiberglass insulation board meets militar>' specification MI244 for 
leaching, which allows only an extremely low araoung of leaching. No leadiing 
has been seen during testing or operation. 

See Criterion 4.6.1 for leaching of the EP£»f tubing. 
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that are expelled from components under tn-use conditions shall noi , 

cause the degradation of other components within the system to the j 

extent that It would significantly Impair their ability to perform [ 

their Intended function over their service lives. 

Evaluetlim Pocumentstion of sat is factory long term performance under In-use 

conditions or engineering analysis. Where adequate existing Infomatlon 

Is unavailable* testing using either the methodology outlined In Section | 

15 of the Appendix given et the end of this chapter or other methods | 

tdilch can be shown to meet the intent of the criterion will be used. | 


Comnantary Some components may yield degradation products during their ssrvlce 

Ilfs without Impairing their function or aesthetic properties. These 
dsgrsdatlon products could significantly impair the performance of 
other components in the system. 




Degassing from the insulation board did condense on the glazing but 
did not cause any degrading of any eonponents. The outgassing has been 
handled by factory outgassing prior to assembly. See Criterion S.2.6. 

In early use the EPDM tubing may tend to give up small pieces of sediment. 
To remove this sediment, a filter in the line is reGommedded in the 
collector manual . 


6.1 Raquirc^nt Accosslbility for maintenance and serviclnB . The systems for heating 
(H) , combined heating and cooling (HC) and the domestic hot water (DHW) 
system/ sub system shall be designed, coostructed* and instsllcd to 
.provide sufficient access for general maintenance* convenient servicing 
and raonlcorlng of aystem performance. 


6.1.1 Criterion 


Evaluation 

Commentary 


Access for system maintenance . All Individual items of equipment and 
components of the H. HC and DHW systems which way require periodic 
cxanlnatlon* adjusting* servicing and/or nalntensnce shall be accessible 
for inspection* service* repair* removal or replacement without dianan- 
tllng of any adjoining major piece of equipment or aubaystem. 

Review of drawings and apeclf Ications. 

Accessibility as a function of component life Is an important consid- 
eration. 

Information on access provisions Is provided In Reference [IJ. 


collector absorber sptem, which is the only component 
e.-M require service, is facilitated through the zipper- lock eon- 

^Hector. Hxe glazing ca? be poppS off 2d 

d2il^ thfelSJi^ tubing. In the field assembled 

25 fU-n insulation with a knife 

and then reeemented after repairs are made. 
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6*1«2 Crlttrion Accaja for myatgo monitorin g. Appropriate acceee for eensore ehell be 
provided for Inepccclng end checking eseentlel syttea peremetere euch 
«e teapereCure» pressure end crltlcel voltages. 

Evelueclon ^view of drawings and apeclflcaclona for the location of test fittings. 


Coamntary Adequately located test fittings will permit system monitoring and 
expedite the maintenance and repair of equipment* 


The collector sensor for the differential thermostat can either be in- 
serted in the header or can be clanqied onto the header. 


6«1«3 Criterion Draining and filling of llqulda , To facilitate system or subsystem 
maintenance and repair* subsystems employing liquids shall be capable 
of being conveniently filled and drained * 

Evaluation Review of drawings and specifications. 


ComMntary The potential buildup of vapor which could create air pockets ard thus 
block or restrict the flow of heat transfer fluids should be cons id* 
ered. (See Grlterlon 2.1-5) 


Complete draining of the EP#t tubing is difficult because 

action. To eiroty out the tubing completely air must be pumped through 

the system. Complete draining, however, is rarely necessary as there 

is enough flexibility in the tubing to absorb ej^ansion caused by 

freezing. 


ORIGINAL PAGE IS 
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6,1.4 Criterion 


Evaluation 


ri^Mn^ of liquid su b gya toms . Suitable connections shall be provided 
for the flushing (Gleaning) oi liquid energy transport subsystems. 

Review of drawings and specif tcatlons . 


Commentary The recommendations of the system nianufacturer for cleaning agents 
compatible with the materials of the system should be followed. 


Water is the reconmiended agent for flushing. See the collector manual. 


6.1*5 Criterion Filters , Filters shall he designed and located so that they can be 

cleaned cr replaced with nilnlmum disruption Co the system and adjacent 
equipment* Cleaning frequencies sh -11 te specified by the system 
manufaccuror in the malnttiuance manual. 

Evaluation Review of drawings and specif icat lens . 


The use of a filter is recommended in the collector manual. See Criterion 

S.3.4. 
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6*2 lUqulrftmnt Installatloii. opcriiclon and tnalptenance aunuAl . A manual atiaii bt* 
provided for the Instailatlon* operation and maintenance of the 11 » 

HC and DHW syeceme* 

6.2.1 Griceriott Ins call at ton ina true t Ions. The manual aball include phyaleali funcclona) 

and procedural Inatrucclone dcacclblns how clia aubaaaambllea of the 
HC and DHW syatema are to ba installed. 

These Instructions shall Include descriptions of both In ter connections 
between the system subassemblies and their interfaces and connections 
with the duelling and sice. 

Evaluation Review of installation instructions* 


See the collector manual. 


6.2*2 criterion Maintenance and operation instructions . The manual shall completely 
describe the H, Hit and DHU' systems, their breakdown into subsystems, 
their relationship to external systems and elements, their performance 
charactert sties , and their required ,parts and procedures for neetlng 
specified capabilities. 

The :«cinual shall lisit all parts of the systems, by subsystem, de- 
scribing as necessary for clear understanding of operation, mainten- 
ance, repair and replacement, such characteristics as shapes^ dimen- 
sions, materials, weights, functions and performance charaeterlstlcs . 
The manual shall Include a tabulation of those specific performance 
requirements which are dependent upon specific maintenance procedures. 
The maintenance procedures, including ordinary , preventive and minor 
repairs, shall ba cross-referenced for all aubaysteas i^nd organised 
into a maintenance cycle. The manual ahall fully deacrlbe operation 
procedures for all parts of the system including those required for 
Icplementaclon of specified planned changes in mode of operation. 

Evaluation Review of maintenance and operating instructions. 


See the collector manual. 


6.2.3 Criterion pl^. The manual shall Include a comprehensive plan for 

iMlntalnins the specified performance of the H, HC and DHW systems 
tor their design service lives. 

The plan shall Include all the necessary ordinary maintenance, 
preventive maintenance and minor repair work and projections for 
equipment replacement. 


^^•luatlon Review of maintenance plan. 


See the collector manual. 


76 


i±-i I 1 I I M I ] I. ]; r_izi 


2.4 Criterion Replacetnent pacts. Parta« components, special tools and test cquipnent 
required for service, repair or replacement shall he coaneccially 
svellable or available from the system or subsystem oanufeccurer or 
supplier. 


Evaluation Review of specifications lor the availability of parts. 

Commentary This criterion 1$ intended to preclude long periods of system down- 
tlM due CO the need for the repair or replacement of parts. 


A repair kit providing all commonl/ needed parts for repair will be 
provided with each collector. Instructions for use of the kit are 
included in the manual. 


6.3 Requirement Rc_palr _and aerv ice personnel * The H, HC and DHW systems shall he 

designed in such a manner chat they can be conveniently repaired by 
qualified service personnel. 


6.3.1 Criterion 


Maintenance of H and HC systemg * The H and HC systems shall be capable 
of being serviced with a minimum amount of special equipment by a 
trained HVAC service technician using a main ten an ce manual. 


evaluation Review of dr^^wlngs, specif icatlons, and maintenance lnstrucc,ions* 

Gomaentary The complexity and design of certain components may require their 
removal and replacement for repair of the system. 


See the collector manual and Criterion 6.1.1, 
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6<3.2 Criterion Halntenance of OHW syatem . The DHW system shall be capable of being 
serviced with a minimum amount of special equipment by a qualified 
service technician using a maintenance manual. 

Evaluation Review of drawings, specifications, and maintenance InatTuctions. 


See the eolleetor manual and Griterion 6.1.1 


8.3 toqulrawnc ttechanlcnl and electrical ^functloning of connections. Th. eonnactlon. 

b«tw.«i th. a. KG, .nd DHM .y.t.m. .nd Ch. dualling or .it. ah.ll 
function nschsnically or alaccrlcally as Intandsd. 


6.3.1 Critarlon glumbins connsetioom Rluablng connactlona baevaan eba solar tub- 
aysbams and wacar aarvlca or vasta dlaposal systama shall ba 
la accordanca with tba HPS[2] or ANSI A119.1[4]g as spplleabls. 

Evaluation Ra viav of machanieal drawings and any da tails or spaeiflcstioos 

ralattd to plumbing coanactiona. 


COMsneary Particular attention should ba gtvan to making sura that plumbing 
conhec cions arc dimensionally coordinated, that pipe alzaa and 
threada arc compatible, and that changes in direction do not unduly 
restrict the flow of fluid* 


The pipe connections at the inlet and outlet headers are standard 3/4” NPT. 


1L.2»1 Criterion Chugilcal o rr os ion ^ Solar subsystems shall not cause chemical 

corrosion oi cue building or site elements to an extent that vouJO 
aignif Icaully impair thcii intended performance. 

Evaluation See Evaluation: Criteria 5*1.3 and 5,3.4 In Chapter Five* Systemfi 

and Components* 


See Criterion 5«3*3 and 5« 3.4. 


11*2*2 Criterion Heat and -moisture . Roof mounted solar subsystema ahall not cauae a 
buildup of heat or awlsture that would -cause exceaslve deterioration 
of the roofing aystcm or other components of the dwelling* 

Evaluation Review of architectural plans* specifications and calculatloaa for 
temperature buildup caused by solar subsystems* 

Conunentary The presence of the collector can cause abnormal heat rises which 
could canse thermal degr.idatlon and the buildup of moiatuce which 
could cause rotting* 


The colleetor is 'designed to be mounted to the roof and flashed to prevent 
moisture from building, up under the collector* The temperature of the roof 
structure is a function of the absori>er temperature, the air temperature 
underneath the robf^ the amount of insulation under the roof and the amount 
of insulation in the collector, which is fixed by the desi^ of the collector 
at a K value of .115 BTUH/ft2/®F, Assuming the collector insulation is twice 
as effective as insulation in the roof, which is quite conservative given 
losses through joists and the fact that most attic insulation is on the attic 
floor and not under the roof, the roof structure temperature would be two* 
thirds between the absorber temperature and the air temperature underneath 
the roof. Assuming an extreme case of stagnation at 300®F and inside air 
temperature of 90® F, the roof would be about 160®F. The SUNMAT Collector has 
no design features to distinguish it in this respect from other collectors 
designed for direct mounting on the roof. 


11.3 Kequlr^fmenC Purabiliry and ryiial i.i ty of cnanfcU-nus . Hu runn^^riions b^Lw^en 
the H, H'C ami sysums ami the liwelllng that -ire e.xposed to 
exterra! e;: vi tui_7H‘fnLa 1 i actors shall not underj-u that will 

impair their 


11. 3*1 Criterion Material compat ib_l 1 tty . Connector materials shall be chemically and 
physically compatible under In-use conditions. 

Evaluation Sea Evaluation: Criterion 5.3.2 In Chapter Five* Systems and 

Gomponenta . 


See Criterion 5,3.2, 
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FIBERGIAS 


Industrial Insulation, 

700 series, Plain and Faced 


A highly versatile group of Fiberglas 
insulating boards designed to 
insulate ductwork, equipment, 
vessels, and tanks, both thermally 
and acoustically. For operating 
temperatures to +450F 


description 

Fiberglas* 700 Series Industrial Insulations are made of 
inorganic glass fibers pre-tormed into semi-rigid tc rigid 
rectangular boards of varying densities. The series con- 
sists of Types 701 . 703. and 705. bach type has specific 
thermal and physical characteristics which make it suit- 
able for the uses described. Types 703 and 705 are 
available with factory-applied FRK-25. Type 705 is avail- 
able with ASJ-25. Both facings are vapor barriers and 
provide a neat, finished appearance. 


The 700 series Boards have been designed primarily to 
insul-'’ j heating and air conditioning ducts, ovens, tanks 
boilers, hot water generators and other hot equipment. 


Type 701— A lightweight resilient insulation, in board 
form, used on vessels having irregular surfaces where 
the exterior finish is supported by welded studs, pins, or 
other mechanical attachments 


Type 703— A semi-rigid board recommended tor use on 
equipment, vessels, and air conditioning ductwork. 


Type 705— A rigid board with very high strength charac- 
teristics for use on chillers, hot and cold equipment, 
healing and air condit'oning ductwork where greater 
abuse resistance and good appearance is required. 


benefits 


Lower operating costs— the -exceptional thermal effi 
ciency of Fiberglas 700 Senes Insulations lowers 
operating costs 


Neat finished appearance— the boardlike characteristics 
of the heavier density Type 703 and 705 products provide 
neat square corners. The factory-applied facing provides 
an attractive finished appearance 


End-use tailored— three densities offer a selection of 
products to meet specific performance and economic 
requirements. 


Immediate building code approval— Fiberglas 700 Senes 
Insulation (faced and unfaced) has a UL flame spread 
rating of less than 25 


Lower maintenance costs— 700 Series Insulations resist 
damage, maintain structural integrity and efficiency. 

Ti jckness stays uniform. 


Noise control— a versatile group of Fiberglas products 
that efficiently reduce sound transmission. 


Wide temperature-use range— applications range from 
-60FIO -:-450F 


Tradeniark registerecl ^wens-Cwmng Fibifrglas Corporalion 
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performance characteristics 

Sound absorption characteristics (2“ thick. 
mounting) 


Fraquency 

(Hz) 

Insulation type (unlaced) 
701 703 70S 

126 

34 

32 

.48 

250 

.70 

74 

82 

500 

96 

97 

97 

1000 

.97 

98 

99 

2000 

.86 

87 

90 

4000 

S3 

85 

86 

NRC 

.87 

89 

9^ 

Size and Density 





701 

703 

705 

Oensity (pef) 

158 

3 06 

600 

Thickness <■.;“ 




(inGremenIs) 

IV/ ‘-4" 

V^-2" 

V'-2^ 

Compressive strength 




(psf at 10% delprm ) 

4 5 

too 

350 

Standard size 




(inches) 


24"x48*' 


Thermal conductivity 




at 75F mean temp 

0 242 

0?30 

0 220 


-Afler campress»an 


Thermal Gonductivlty 



Moisture abaorption-^less than 2% by vofume 
fiacterfa and fungus realstanco— does not breed or 
promote 

Humidity and temperature effect— cycling conditions will 
not cause spalling or crumbling 
Corroeton-^does not accelerate corrosion of copper, 
steeL or aluminum 

Fire safety— Fi berg las 700 Series, both faced and un- 
faced, can be specified and used without danger of 
eontrrjuting to the spread of fire or liberation of exces- 
sive smoke. 


jsf #lMiv V I--' .1' -V 
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facings 
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Types 703 and 705 are available with the following fac- 
tory-applied vapor barrier facings, with UL labels 
available if specified: 

FRK— Foil reinforced kraft: 703. 705 

ASJ— Embossed white kraft foil laminate: 705 only 

Vapor transmission rates: ASJ-25- 02 perms 

FRK-25-.02 perms 

Beach puncture resistiince ASJ-25-50 units 

FRK^25-25 units 


surface burning 
characteristics 


(unfaced or faced ) 

flame spread 25 

fuel contributed 50 

smoke developed 50 

(compared lo untreated Red Oak as *00) 



application recommendations 

Type 701— Jightweujht vjntncod flexible insulation in 
board form lor use on vessels having irregular surfaces, 
where the compressive l nen gth is not a performance 
criterion 

Types 703 and 705— board insulations normally impaled 
on welded pins on flat surfaces They are cut in segments 
and banded in place on riit'-rular bur faces Untaced 
boards are normally finished reinforced insulatmg 
cement or weatherproof mastic For outdoor appitcdtron 
Types 703 and 705. faced 

ASJ-25 or FRK-25 faced insulation boards shall be ap- 
plied using mechanical fasteners such as weld pins or 
stick clips. Fasteners shall be located not less than 3^' 
from each edge or corner of the board. Pin spacing along 
the duct should be no greater than 12"' on centers Addi- 
tional pins or clips may be required to hold the insulation 
tightly against the surface where cross breaking is used 
for stiffening. Weld pin lengths must be selected to insure 
tight fit bi t avoid 'oil canning ' effect 

Apply only OCF vapor seal ASJ or FRK pressure- 
sensitive patches. Rub hard with the nylon sealing too! lo 
insure a tight bond and a vapor seal 

All insulation edges and butt joints are to be sealed only 
with OCF pressure-sensitive joint sealing tape lo match the 
jacket Rub hard w'ith nylon sealing tool Use 3 wide tapes 
on flat surfaces, or where edges are shiplapped and stapled 
S ' wide tape can be used in lieu of shiplapping. 

Precautions; 

• Keep all contact adhesive surfaces clean 

• Use nylon sealing tool to prevent wrinkles and fish- 
mouths. 

• Duct-work or radius may require pre-scormg to allow 
the board to conform to the surface. 

• When painting the facings for indoor applications, use 
only water base /latex products 

Limitations: 

• Pressure-sensitive sealing tapes or patches should 
only be applied when the ambient temperature is 
between +35Fand f noF 

• Maximum insutation surface temperatures in use are 
limited to -lOF to + 150F. 

• Outdoor applications require additional weather 
protection 

SI 
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economic thickness 

Cautton; The recommended Economic Thicknesses 
shown are chosen with respect to cost thermal perform- 
ance, and energy conservation. It Is possible that heat 
may be generated from the resinous binder of insulations 
if ignited by external sources such as welding slag, cut- 
ting torches, etc. Care should be taken to avoid direct 
contact with the Insulation by frre or ignition sources. 

Selection of an insulation for any specific application 
should take into consideration the following important 
criteria: 1. Cost of insulation applied. 2« Cost of heat 
energy at midlife. 3. Cost of capital 4. Capital Investment 
in heat production equipment. 5* Temperature differen- 
tial 6. Size of the pipe surface. 7. Conductivity of 
Insulation. 8 . Depreciation period— ir^sulatron and facitity. 
The thicknesses shown in the tables below are based on 
the following typical conditions; 

Commercfat (full lime); 

Annual fuel pnee mcrease 4% 

Initial heat cost $2 75 1000 lb steam 
Heat cost at mjctlife S4 07 1000 ib steam 
Cost ot money 7* *-% year 
Capital investment S20 lb steam hour 
Flat insulation cost (t") S3 40 sq ft 
Depreciation time 20 years 
Hours of operation 3760 year 


Economic thickness for heated egulpment to 450F 

(80F ambient, still a>r. commercial lull time) 


Surface 
Temp., F 

Type 701 
ET HL ST 

Type 703 
ET ML ST 

Type 70S 
IT HL ST 

T50 

2' 7 5 84 

2': 5 84 

2': 5 84 

200 

3'^ 6 86 

3’ 2 6 06 

• 

300 

,5"^ 8 87 

• 


400 

7 9 88 


« 

450 

7’j IG 89 




Thickness to prevent condensation on cold ducts and 
equipment-laced board 

The following chart indicates the recommended thick- 
ness for instaltation on cold air ducts at various 
temperature differences (duct to air). Also shown are val 
ues for heat gain and approximate maximum relative 
humidity aJiowable. 


Temperature 

Oifferencea 

deg^P 

Recommended 

Thicknest 

(inches) 

Heat Gain 
Btu/tq ft /hr 

Permissible 

PelaUve 

Humidily 

20 

1 

43 

90% 

2L 

t 

5.2 

87% 

30 

1 

6.1 

89% 

35 

1 

7 1 

88% 

40 

t ’ j 

5 7 

90% 

45 


63 

89% 

50 

2 

54 

90% 


specification compliance 



701 703* 

705 

HH-I-558B. Form A, Class 1 

« • 

• 

HH-F5S8B. Form A. Class 2 

• 

• 

HH-I-558B, Form B. Type 1. Class 7 
Navy Bureau of Yards & Docks IS- 15180 

• 

• 

• 

Corps ot Engineers C E — 30 T 08, 11. 12 

« 

» 

NFPA90A 

• 

• 


' 703 G isspec'Jilly productitt fpr ccmiriicis ccrtific,it<an of compliance fo 

tne al>ovt; Federal Spt^clrlca(lOl> lequir^d Available* plain oi laced tor use on hot or 
cold equtpmenT tor an ronditiorung ductworti 


FT ■ eiToiiomft i^uc*inons r'^ciuiremor'rt^- tt Ihis contact 

ML nt*ii! -Oils B!u 'If sqii iOfol OCF fcpreschralivt^ 

ST Mtrt*lC<* l♦•TITDt!^Jltd^^ 


Commercial (part time): 

Annual fuel price increase. 4% 

Initial heat cost $3 00 1000 lb steam 
Heal cost at midlife $4.44 1000 lb steam 
Cos! of money 7’,?% year 
Capital investment S20 lb steam hour 
Flat tnsulaltoti cost (V'}. S3 40 sc, ft 
Depreciatton time 20 years 
Hours ot operation 5400 year 


Economic thickness for heated equipment to 4S0F 

(flOF ambient, stiii air, commercial part lime) 


Surface 

Temp, 

Type 701 
ET ML ST 

Type 703 
ET HL ST 

Type 70S 
§T ML ST 

ISO 

2 6 86 

2 6 85 

2 6 85 

200 

3 7 8? 

3 7 86 

3 7 86 

300 

4’> 9 88 

4 10 89 

s 

400 

5W 11 90 

m 

I 


450 

6 12 91 

* I 



ET ^ flcanomjc Ihichnass. (nches •(-Or requiit*rrier>ts in this area, contaci 
HL - heat loss Btu hr sqtt local OCF- ropresentalivp. 

ST « surf.ice riimpprature. deg F 


82 
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Offices of Owens-Coming Ftoergias C<Mrporation 


ALABAMA 

Birmingham 

Mobile 

205-786-3461 
205-47 l’546S 

ALASKA 

Anchorage 

907-272-6425 

ARIZONA 

Phoenii 

602-277-6217 

ARKANSAS 
Little Rock 

501-664-2133 

CALIFORNIA 
Fresno 
Los Angeles 
Sacramento 
San Bernardirw 
San Diego 
San Francisco 
Santa Clara 

209-266-4193 
213- 724-5363 
916-927-1896 
714-B8S-3496 
714- 234*0933 
415-873-7950 
408-296-2525 

COLORADO 

Denver 

303-757*6121 

CONNECTICUT 
East Hartford 
Hartford 

203-289-6411 

203-524-5987 


OiSTRiCT OF GOLUMBlA 


Wash f Gov't ) 
Wash fSalas) 

202-296-3296 
30t** 730-9300 

FLORIDA 

Jacksonville 

Miami 

Orlando 

Tampa 

9D4-786-SB80 

305-651*2113 

305-843-2432 

813-877*7516 

GEORGIA 

Alban/ 

Atlanta 

912-883-6317 
404- 352-3566 

HAWAII 

Honolulu 

806-537*3832 

ICAMO 

Boise 

208-342-9311 

ILLINOIS 
Chicago 
Rock Island 

312-583-0100 

309-*788-6309 


INDiANA 


Elkhart 
Evansville 
Fort Wayne 
Indianapolis 

219- 294-3627 
812-425-5124 
219-483-9552 
317-698-1140 

IOWA 

□es Moines 

515-223-1206 

KANSAS 
Kansas City 
Wichiia 

913-281-4322 

316-265-2522 

KENTUCKY 

Louisville 

502-456-4230 

LOUISIANA 
New Orleans 
Shreveport 

504-837*2902 
31H- 222-7100 

MARYLAND 

Baltimore 

301-730-9300 

MASSACHUSETTS 

Boston 

617-235*7540 

MICHIGAN 

Detroit 

Flint 

Grand Rapids 
Lansing 

313-547-8000 

313-787-6573 

616-452-0788 

517-372-4930 

MINNESOTA 
Minneapolis 
St Paul 

612-884-5375 

612-488-7297 

MISSISSIPPI 

Jackson 

601-962-0810 

MISSOURI 
Kansas City 
St Louis 

816-753-7725 

314-991-2640 

MONt IN A 
Billii qs 

406-252-6496 

NEBRASKA 

Omaha 

402-397-2072 

NEW JERSEV 
Berlin 
Cherry Hill 
Newark 

609-767-3300 
609- 42S-6S90 
201-484-8800 


NEW MEXICO 

Albuquerque 

505-294-5511 

NEW YORK 

Albany 

518-869-0221 

Buffalo 

716- -832-1410 

Delmar 

518-439-/651 

New York 

212-759-3B10 

Rochester 

716- 381-0340 

Scarsdate 

914-472-3400 

Syracuse 

315-455-1071 

NORTH CAROLINA 

Charlotte 

704-372*7065 

Greensboro 

919-273-0528 

Raleigh 

919-872-0823 

OHIO 

Akion 

216-867*5770 

Cincinnati 

513-563-4270 

Cleveland 

216-804-9440 

Columbus 

614-451-6420 

Toledo 

419-259*3031 


TEXAS 
Dallas 
Houston 
San Antonio 

214-23J-9241 

713-M-9363 

512-828-0658 

UTAH 

Salt Lake City 

601— «7-6204 

VIRGINIA 

Norfolk 

Richmond 

804—461*8114 

804-272-5851 

WASHINGTON 

Seattle 

Spokane 

206-762-4250 

509^924-6532 

WEST VIRGINIA 
Charleston 

304-744-2291 

WISCONSIN 

Milwaukee 

414-2599700 


INTERNATrONALGENERAL 


OKLAHOMA 


Oklahoma City 

405-848-6761 

Tulsa 

918-627- 

OREGON 

Portland 

503-620*1014 

PENNSYLVANIA 

Berwyn 

215-647-2700 
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215-865-0427 

Harrisburg 

717- 761-0430 
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215-647-3405 
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412-563*7766 

RHODE ISLAND 

Cumberland 

401-333-6071 

Providence 

401—434*7437 

SOUTH CAROLINA 

Columbia 

803- 252-9983 

Greenville 

803-271-9331 

TENNESSEE 

Knoxville 

615-584-6161 

Memphis 

901-362-2010 

Nashville 

615-297-9522 
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Introduction 
Extrudabie NORYL Resins 
Performance and processability no other 
extrudabie material can match. 

With their combined properties and processability, extrud- 
abie NORYL resins offer advantages to both the designer 
and the fabricator. 

On performance, NORYL resms feature heat resistance 
under load from 212® - 265® F. Combined with this are 
impact strength of 5 0 ft-tbs notched Izod, dimensional 
stability, broad U L. recognition, excellent electrical 
properties and extremely low moisture absorption. 

From an extrusion standpoint, this tamily ot materials 
delivers excellent processability, melt strength and stabil- 
ity and high thru-put rates 

Extrudabie NORYL resins combination of performance 
and processability makes them ideal for a wide range of 
applications It also opens new opportunities for the 
economics ot plastics extrusion where metal was once 
required 



Products Available 

Extrudable NORYL resins are available in three high 
performance grades to meet a wide range of engineering 
requirements efficiently and reliably. 

NORYL EN^212 

Heat resistance of 21 2’’F at 264 psi, a U.L 94 V-t rating 
and excellent mechanical and electrical properties are 
all combined in NORYL EN-212 This all-around perfor- 
mance represents a sigriificant step up over FR ARS and 
PVC, and allows thinner-walled designs for material 
savings. 

NORYL EN-265 

For applications requiring higher heat resistance plus 
broad U.L recognition and impact strength, choose 
NORYL iN-265 

Its heat resistance of 265° F under load is coupled with 
high impact strength, excellent electrical prooerties and 
a U L. 94 V-1 rating. Combined, Ihese prop'irties make it 
the ideal metal replacement material for extrusions 
requiring durability, stability and U.L approval. 

NORYL ENG-265 

High performance NORYL ENG-265 offers a property 
profile quite similar lo EN 265. without the U L- 94 V-1 
rating This genera! purpose grade is an excellent mate- 
rial for applications requiring high mechanical strength 
and heal resistance under load 


Performance Profile 

Extrudable NORYL resins answer the need for materials 
that offer a significant step up in performance over 
FR ABS and PVC. And with their higher thermal and 
mechanical properties, extrudable NORYL resins allow 
the designer to replace more costly metal extrusions for 
economy without sacrificing performance. 

The combined properties of extrudable NORYL resins 
also mean you can design for thinner walls than are 
possible with PVC or FR ABS, for a significant savings 
in material. In fact, one application formerly in commodity 
plastics has been redesigned in NORYL resins with a 
30% thinner wall And the parts actually outperformed 
their predecessors with higher mechanical and thermal 
properties 

Compare the performance of extrudable NORYL resms 
to traditional commodity materials. While others may 
offer one key property. NORYL resins combine all Ihe 
properties you need for all-around performance and 
reliability 
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ognition. U.L. continuous-use ratings range from 80*^ 
to 1 10°C, and two grades meet U L 94 V-1 requiremi 

NORYL resins also carry a strong record of approval 
sole-support of current carrying parts, a critical factoi 
in many electrical applications 


NORYL resin s ability to withstand a 20 KV voltage tes 
its resistance to an industrial alkaline environment \o\ 
creep and U L recognition prompted the manufactur 
of this bus bar sleeve to use NORYL EN-265 The mati 
also cut the cost of the unit significantly over its fiber- 
glass predecessor 
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Structural Strength 

< Where structural strength counts, extrudable NORYL 

, resins deliver better than FR ABS or PVC (Fig 2). 

j Tensile strengths range from 7,800 to 9.600 psi. Flexural 

• modulus ranges from 360,000 to 380,000 psi, and is 

only slightly affected by elevated temperatures. 

i With this mechanical strength, extrudable NORYL resins 

? are the ideal choice for structural or load bearing applica- 

i tions. They're also ideally suited for functional designs 

such as snap-fits for mating two extruded parts. 


Figure 2: T'ensile Strength 



MOO 7000 9000 11,000 

pn n'p 
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Hydrolytic Stability 

All NORYL resins feature an extremely 'ow water absorp- 
tion rate at 0.066% (Fig. 3). 

What's more, even long term exposure to hot water or 
steam has minimal effect on their mechanical properties. 

This characteristic helps insure dimensional stability 
and long term performance for any application exposed 
to moisture. 

Extrudable NORYL resins are also completely resistant 
to hydrolysis, and can withstand virtually all acids and 
bases. 


Figure 3: Water Absorption 
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With its excellent hydrolytic stability, low creep, resistance 
to acid and alkaline solutions, and its processability. 
NORYL ENG-265 was the choice over PVC for this 
scrubber vane and mist eliminator used in processing 
plants and environmental equipment 







Electrical Properties 

High volume resistivity and dielectric strength make ex- 
trudable NORYL resins ideal for a variety of electrical 
applications. Their low dielectric constants and dissipa 
tion factors are virtually unaffected by frequencies from 
60 to 10« cps, changes in humidity and by high 
temperatures. 


Creep Resistance 

With excellent creep resistance at elevated temperati.res 
extrudable NORYL resins offer high stability and predict 
able long term performance under load Their ability to 
resist deformation under prolonged stress also makes 
them ideal for metal replacement 


In this interlocking wiring splice cover NORYL resin 
offered the high impact strength needed to withstand 
handling and installation abuse, even in sub zero tern 
peratures NORYL resin also had the processability to 
allow fast, efficient production of this complex shape 
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Typical Properties -Extrudable NORYL Resins 



ASTM 

NORYL 
ENG.- 265 

NORYL 

EN-265 

NORYL 

EN-2r2 

PHYSICAL 

Specific Gravity, 73°F 

D792 

1.06 

1.06 

1.10 

Water Absorption 

D570 

0.066 

0.066 

0,07 

Tensile Strength, psi at 73°F 

D638 

9,600 

9,600 

7,800 

Elongation at Break, % 

D638 

60 

60 

50 

Tensile modulus, psi at 73“F 

D638 

355.000 

355,000 

380,000 

Flexural Strength, psi at 73'^F 

D.';iD 

13,500 

13,500 

12,800 

Flexural Modulus, psi at 73°F 

D790 

360,000 

360.000 

360,000 

Compressive Strength [10% deformation) psi 

D695 

16.4G0 

16.400 

16,000 

Shear Strength, psi 

D732 

10,500 

10.500 

6,900 

Deformation Under Load. % at 2,000 psi, 1 22°F 

D621 

0.30 

0.30 

0.50 

Creep [300 hrs 73”F at 2.000 psi) % Strain [e) 

D674 

0.63 

0.63 

0 80 

Izod Impact Strength, ft lbs in. Notch (n 73°F 

D256 

5.0 

6.0 

5.G 

(«• 40° F 


2.5 

2.5 

2.5 

Rockwell Hardness 

D785 

R119 

R119 

R115 

THERMAL 

Heat Deflection Temperature (264 psi). °F 

D648 

265 

265 

212 

Thermal Conductivity, Btu/hr/ft!!/°F/in 

el77 

15 

1.5 

11 

Coefficient of Thermal Expansion, in/in/°F 

D696 

3.3 X 10'® 

3.3 X 10'® 

3.8 X 10'® 

[ 20'='tO 150“F) 





ELECTRICAL 

Dielectric Constant (50% RH, 73°F at 60 cps) 

D15Q 

2 64 

2.69 

2.65 

Dissipation Factor (50% RH. 73°F at 60 cps) 

D150 

0 0004 

0.0007 

0.0007 

Volume Resistivity, dry, ohm. cm 73“F 

D257 

10^“ 

10'^ 

lO'o 

Surface Flesis^ivity, ohm/sq 

D257 

10'- 

10«- 

lO'e 

Dielectric Strength (1/8 " sample), volts/mil 

D149 

550 

500 

400 

Arc Resistance (Tungsten), sec 

D495 

75 

75 

70 

U. L. 

U L. Subject 94 


HB 

94 V-1 

94 V-1 

U L Continuous Use, °C 
With Impact 


90°C 

lOS^C 

80°C 

Flectrical Without Impact 

— 

105°C 

1 10°C 

95°C 
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Processing Advantages 


One of the key advantages ot exlrudable NORYL resins 
over FR ABS and PVC lies in processing 

NORYL resins have shown up to 30% faster production 
rates over PVC in actual applications This is a product 
ot NORYL resins significantly higher thru put rale Draw 
down ratios up to 50% have virtually no effect on proper 
ties, unlike materials which are more subject to 
orientation Another asset is processing stability Noryl 
resins offer a broader range of processing conditions to 
minimize the problem of degradation during the extrusion 
process They also feature excellent melt strength for 
better sizing ability 

NORYL resins also exhibit excellent regnnu biability with 
little loss of properties after several recycles iFig 4 
The combination of this processability, plus the perform 
ance which often allows thinner wall designs over PVC 
and ABS makes NORYL resins an economical higher 
performance extrusion material 

Extrudable NORYL resins can be processed ove*^ a wide 
range ot conditions Optimum settings should be devel 
oped at the extruder according to available equipment, 
sizing equipment and cooling system 


Although vented extruders are preferred, non vented 
extruders have been used successfully with NORYL 
resins pre-dried in shallow trays, r to 1 1/2 ' deep in an 
air circulating oven, at the following temperatures 


Recommended Drying Times/Temperatures 


NORYL 

NORYL 

NORYL 

EN-265 

ENG-265 

EN-212 

Drying Temp 220-240^T 

220 240°F 

200-22U^F 

Drying Time 2 4 hours 

2 4 hours 

2-4 hours 

maximum 

maximum 

maximum 


2. Screw Design 

Both single and two stage screw designs can be used 
successfully with exlrudable NORYL resins (Fig 5i L/D 
of 24 to 1 or greater is recommended Compression 
lauo ot 2 85 to 3 65 has been used very successfully A 
long and shallow metering section is recommended for 
good melt preparation 

A typical two stage screw is described belcw on a 2 1/2 . 
24 ! L/0 ratio extrusion machine 


1. Drying 

While moisture has virtually no effect on the properties 
of NORYL resins, drying is recommended to remove 
surface appearance defects which moisture may cause 
in processing 


Figure 4: Physical Properties of NORYL EN-265 
after Repeated 100% Regrinding 


Virgin 

NORYL 

Properly EN-265 

100% Regrind 

1st Cycle 

3rd Cycle 

Tensile Strength psi 9 500 

9,6C3 

9.750 

Flexural Modulus, psi 360.000 

360.000 

365.000 

Elongation. % 55 

50 

50 

Notched l/ocl Impact 5 0 

4 7 

4 5 


Section 

No. Diameters 

Depth, Inches 

feed 

5 

U 370 

Transition 1 

35 


Meter l 

6 

0 1 10 

Vent 

3 5 

0 350 

Transition 2 

c. 


Meter 2 

4 

0 190 


Both CF’VC and NORYL EN 265 were considered for 
this lighting track NORYL resins came through with 
better heat resistance U L approval and a fastei produc- 
tion r<ite 
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Figure 5: Recommended Screw Designs for 
Extrudable NORYL Resins 
(for reference only) 



2Vi INCH 24:1 TWO STAGE 


50 I 3.50 I 60 M 0 I 3^50 1 ^0 1 ^0 


3^ INCH 24:1 TWO STAGE 


50 I 3.S0 I 60 I ^0! 3.50 I 20 1 40 


INCH 24:1 TWO STAGE 


50 I 3.50 I 60 3. 50 40 


INCH 24:1 SINGLE STAGE 



3. Processing Guidelines 

■ The sCfGw l:Iiou!l 1 nut be let: idle mth melt in the ex 
truder for more than a few mtnu:es lo prevent carboni 
nation and blacK spots 

M Satistactory operation has been a.'hievod without 
screen packs cir»d with sizes as fine as 1 00 mesh 

Processing Temperatures: 

NORVL EN 265 & 

NORYL ENG 265 420^ 500'= F 

NORYL EN 212 390" 450'= F 

4. Die 

■ Draw down ratios ot 20 50'Y have been usetj with no 
Gfteci on physical proper i:es in the end part 

G While NORYL resins do t (amt hiLimilui lumei- or 
corrosive by produiTs enrome ;Y. it nq of 'nner d:e 
surfaces is recommended tor oplimLi.n production 
rales and appUvaranre 

■ Polisheci inner die surtax i j are v.s.. illy sufficient m 
most applications 

■ Streamlined dies am preferred trc ^c.h sj icar dies me 
acceptable 

A NORYL rebins oxhiba die swell c: 30 ■ 

un(4erthe processing temperatures recomn ^ \\oa 
above 

5. Cooling 

Slow cooling of the NORYL resm extriid^ile is preferable 

lo quick quenching to minimize res. dual r^tress 

6. Purging and Cleaning 

■ Use conventional cio anmg teom.ques with regrouna 
acrylics as the purge m ;{oq.n 

■ The die may be cleaned in a hot salt bath such as 
potassium chloride for 15 riTinutes Remove dll compo- 
nents that might be affected by the cleaner, such as the 
electrical heater 
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Technical Assistance 


Applications 

With iheif combination of properties, extrudable NORYL 
resins can improve the performance of many existing 
extruded plastic products In addition it can open new 
areas where metal can be replaced in extrusions for 
greater economy without sacrificing the required per 
tormance 

Typical applications include 

Electrical 

Wiring splice devices 
Protective shields 
Wire enclosures/Conduit 
Electrical appliance enclosures mountings and 
escutcheons 
Utility/Construction 

Cooling lower scrubber vanes & mist eliminators 

Bus bar sleeves 

Building products 

Protective cable covers 

Ground wire covers 

Lighting 

Ceiling light housings 
Lighting tracks 
Enclosures 


The NORYL Products Section has qualified technical 
personnel ready to assist you at every phase of product 
development from design through production 

Design 

Capitalize on the high performance of NORYL resins to 
develop designs using thinner wall sections than are 
possible with FR ABS or PVC NORYL design engineers 
will work with yo» uii the most efficient design that makes 
the most ot the material 
Agency Approval 

All NORYL resins carry broad recognition by Under 
writers Laboratories and the Canadian Standards Associ 
ation The agency specialists can help speed your 
product through the required approvals for fast market 
introductJ^^r 

Extrusion 

Extrusion process specialists can assist you m insuring 
optimum processing conditons for NORYL rc»sins. to 
help you maximize the material s productivity 

Finishing 

If your product requires pamting or other secondary 
finishing you can turn to NORYL Products Section 
personnel tor the latest systems tet'hmques and suppliers 

f Of further information, contact 
Extrusion Technical Team 
NORM Products Section 
Genera* Electr»^ Plastics 
Selkirk New York 12168 


i. 
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InMinuctt M 0#^«r•l Electric Compuny no control 
ovor tbo uto to which olhors may put tha matan*:. «t doaa 
not Quarantaa that 'ha aama reaultt at thoaa daacri>a<f 
haram will ba obtainai Each utar of tha matariai ahouK^ 
maka hia own tatta to datarmina tha matanal'a auitability 
for hit own particular uaa Statamanta concamirvg poaai 
bla or auggaatad uaat of tha matanaia daacnbad haram 
ara r>ol to ba conatruad aa cortsiitutmg a iicanaa undar 
any Gar«aral Elact'ic patent covering auch uaa or at rac> 
ommandationa for uaa of auch matanaia in tha mtnnga- 
mant of any patant 


V\, ORLD LEADER tN ENGINEERING PI AS TICS 
LEXAN ■ NORYl ■ GENAL ■ VALOX 


PLASTICS DEPARTMENT 
NORYL AVE SELKIRK N Y 12158 





These pages contained copyrighted material. For information 
on Tremco POLYshimj.j^ Tape contact: Tremco, 10701 Shaker 
Blvd, Cleveland, OH 44104. 
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For extended service life of rubber products 


Conventional 
ozone-resistant 
synthetic n»bbefs 


Royalene 

EPOM 

Crackless Rubber 










ORIGINAL PACK IS 
OF POOR QUALl'rY 


Royalene can be used ♦or a wide variety oi products 
















Royalene EPDM {a terpolymer of ethylene, pro- 
pylene and a controlled amount of non conjugated 
diene) has proved to be a materials break through of 
significant proportions because it can be easily made 
into a variety of objects that resist weather and ozone 
degrudntion far longer than was ever possible before. 

Automotive applications. 

Royalene has demonstrated its superiority in 
many automotive applications presently using SBR. 
natural, butyl and other rubbers. Therefore. Royalene 
has gained wide acceptance for many engineering 
uses in the automotive indust-''- sealing weather 
strips (windshield, back lights. b».^y shims, bumper 
guards), cellular sealing strips (door weather strip, 
deck lid seals), windshield wiper blades, windshield 
wiper tubing, hose tubes and covers (both heater and 
radiator), brake cups, shocks, pedals, specialty 
coated fabric auto topping, motor mounts, ignition 
cable insulations, wiring grommets, miscellaneous 
gaskets, dust seals and boots. 

EPDM IS also keepi. g tire whitewalls white. Prac- 
tically all the EPDM sold for this purpose is Uniroyal’s 
"Crackless Rubber” (sold under the registered trade- 
name Royalene). 

Appliance applications. 

In the appliance field, ability to resist cracking 
after repeated flexing, its wide temperature range 
and resistance to acids and alkalis, ideally lends itself 
to use for many washer, dryer, refrigerator and other 
appliance jsarts including hoses, seals, door gasket- 
ings and appliance wire. 

Wire and cable applications. 

Since Royalene can be specially formulated for 
excellent physicals together with flame, abrasion. 

I .feathering and moisture resistance, wire and cable 
ji'cketing represents a sound application for this 
material ..t many cases. 

An added feature of Royalene is that its unique 
combination of properties makes a true rubber-like 
integral 600 V insulation and jacket possible for -he 
first time. 

Other applications. 

Royalene resists many chemicals. It is finding wide 
applications in tank liners, hoses, and other uses 
requiring resistance to phosphate esters, ketones. 



Both tires were aged 18 months The one that didn't crack 
(top) contains Royalene. the "Crackless Rubber " Most 
whitewall and cover strips now contain Royalene. 


glycols and alcohols It is espe^.ially useful for long 
maintenance free service in the storage of peroxides 
and caustic soda. 

The excellent water resistance of Royalene has led 
to Its widespread use tor water conservation and for 
prevention of contamination and leakage. Such 
applications include the lining of reservoirs, irriga 
tion ditches and brine storage pits and the water 
proofing of underground structures. 
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OKUilNAl y'M'.V. It? 
OF POOR qUALlTY 


Royalene EPDM 
has physical properties superior to 
other genoral-purpose rubbers. 


CompjMson of Fioyjlt'ne EPDM with other commonly ubOd ^>olymerb. 


1 

'1 

! 

! 

■ 



Property 

Royalene 

Butyl 

! 

Neoprene Polybutadiene 

Polyisoprene; 
Natural rubber 

SBR 

Hardness range: shore A 

40 to -XI 

40 to 7b 

30 to 95 

40 to 90 

30 to 90 

40ti^^>0 

Specific gravity 

O.Shh 


1 23 

0 91 

0 93 

i * 04 

Tensile strength; black loaded (psi) 

3bOO 

3CXX) 

3b00 

2000 

3M)0 

250 ■ 

Tensile strength; pure gum (psi) 

bOO 

2000 

3500 

bOO 

3oai 

4iu> 

Cold flow 

r 

E 

E 

P 

P*:F' 

f 

Color stability 

E 

GtoE 

P 

G to E 

Li to L 

G to E 

Compression set 

G 

E 

G 

G 

f 

^ F 

Cord adhesion 

G 

P to F 

G 

Cl 

0 

G 

Cure rate 

G 

s 

M 

E 


E 

Dynamic properties 

G to 1 

P 

G 

E 

f 

G 

Electrical properties 

r 

E 

P 

■ 

G 

G 1 

G 

Loading; black 

i 

P 

G 

G 

G to F, 

G 

Loading; oil 

t 

P 

F 

F to G 

■■ ^ « J 

\ to G 

Tack 

G 

E 

G 

F 

E 

E to G 

Abrasion 

G 

E 

E 

G 

G to E 

(* 

Acids 

G to F 

E 

G 

G 

G 

G 

Bases 

G to E ’ 

E 


G 

G 

i G 

Cold 

\ 

E 

, j 

F 

G 

F , 

Fh-G 

Flame 

j 

RSC i 

RSC ^ 

, j 

G 

RSC 

RSC 

i R.v-^ 

: Gas permeation 

F 

E 

1 

I E 

F 

r 

I ^ 

Heat 

E ‘ 

' G ^ 

1 i 

f \ 

; G 

F 

f 

Oils; animal & vegetable 

G 

E ! 

j 

! G 

1 , 

F ■ 

E 

1 

Oils; mineral 

NS ' 

, i 

1 0 

i 

NS 

NS 

NS 

Resistance Ozone 

E 

E 1 

1 c. 

P 

P 

F 

Solvents; aliphatic 

P 

: " 1 

I t- 

1 

i ^ 

P 

Solvents; aromatic 

P 

p 

F 

1 

P 

P 

P 

Solvents; chlorinated 

P 


p : 

P 

P 

f' 

1 

Solvents; lacquer 

■ 

P 

r 

p 1 

P * 

' P 

1^ 

Solvents: oxygenated 
(i.e., ketones) 

E* 

G j 

! 

i i 

i 

p 

P 

G 

P 

Steam 

E ! 

[ ! 

F 

G ' 


\ G ! 

G 

Tearing 

i 

G 

G 

G 

F 

G to F 

E 

Water 

t t 

E ' 

F 

E 

* f 

1 

Weather 

i r ■ 

i 

E 

r ' 

1 E 

1 

P i 

F 

1 


I -ip I p«..- rMt - 1 *!- S’ . .'t -r..:-.- 
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Royalene has many properties superior to other 
commonly used elastomers. The table at the left 
shows this comparison with SBR, natu»'al rubber and 
other polymers. 

Vulcanizates of Royalere exhibit many outstand- 
ing properties. 

Lower specific gravity. 

The specific gravity of Royalene is lower thar. all 
other rubbers. Consequently, Royalene offers a 
higher yield of fabricated parts per pound. 

Final product cost also benefits by the ability of 
Royalene to be highly extended with inexpensive oils 
and blacks. 

Petroleum-oils suitable for the extension of 
Royalene are less expensive than the esters normally 
used to plasticize neoprene, butyl, or acrylic rubbers. 
In addition. Royalene can accept larger amounts of 
fillers than other rubbers with good retention of 
physical properties. 

Retains properties at high temperatures. 

Royalene is serviceable for extended periods of 
continuous use at temperatures in excess of 300 
degrees F and has shown good results in intermit- 
tent uses as high as 400 degrees F. 

Such vital properties as resilience, tensile strength, 
elongation and hardness are largely retained in aging 
tests at elevated temperatures. Royalene is far supe- 
rior to any other general purpose synthetic rubber 
on high temperature resistance. 

Retains properties at low temperatures. 

Royalene retains its flexibility at extremes that 
shatter most rubber materials. 

Royalene compounds remain serviceable at tem- 
peratures as low as minus 70 degrees F. 

Other benefits. 

Other benefits of Royalene are excellent process- 
ing. good to excellent physical properties, excellent 
weather and ozone resistance, excellent electrical 
properties, good abrasion resistance, good set prop- 
erties ar.d excellent resistance to polar liquids such 
as water, phosphate esters, ketones. 

Rnya ene EPDM is commercially available fi-%^ 
IJniroyal Chemical in numerous tyoes to suit the vary 
mg demands of rubber compounders. 


Ultraviolet aging effects 


Polymers 


U.V. aging 
(hours) 


Royalene 


Neoprene 


Sample 

curing 


NC = no crazing visible at 20 X magnification 


EFC = extremely fine crazing visible at 20 X 
magnification. 


VVS = very, very slight cracking visible at 
20 X magnification. 


VS = very slight cracking visible at 20 X 
magnification. 


S = slight cracking visible without 
magnification. 


hie above shows outstanding ultraviolet aging of Royalene 
compared toother polymers. Test made on Atlas Weather 
ometer with 1 inch sample bent double on self. 


if 



Torque 


- I ! i I I f I i i ' ■ i-v . ■ 

ORIGINAT PAGE IS 
•F ?{yji{ QUALITY! 

has many processing advantages 
and premium properties. 

Rheometer curves show outstanding cure rates of Rcyalene compared to SBR. 
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The various types of Royalene available from 
Uniroyal have replaced other polymers because of the 
superior performance and/or lower cost of Royalene 
in a wide variety of important applications. 

The Royalene 500 series, developed by our poly- 
mer chemists, is a new chemical composition which 
retains all of *he outstanding properties of existing 
Royalene compounds and yet gives you the fastest 
curing EPDM rubbers on the market today. 

Easy to process. 

Because of its inherent properties Royalene does 
not require compounding with expensive antioxidants 
in many applications. 

It is also sulfur curable and free from objection- 
able odor, as well as peroxide curable. 

Reduces per part cost. 

Users have found that when the Royalene 500 
series of fast cure EPDM rubbers are combined with 
Royalene 400 series of oil-extended polymers, per 
part costs are reduced because the combination can 
readily be vulcanized on conventional equipment 
with good control and a fast cure rate. 

With increasing use of oil -extended rubbers, it is 
believed that Royalene 400/500 low cost compounds 
could be used for many rubber applications, includirig 
many types of open cell sponge and closed cell 
sponge applications. 

Extends product life. 

Due to its remarkable combination of properties. 
Royalene can extend product shelf life and service 
life. Those properties include resistance to abrasion, 
ozone, weather and extremes of temperatures (from 
minus 70 degrees F to as high as 400 degrees F). 

And Royalene has excellent resistance to polar 
liquids such as water, phosphate esters and ketones. 

In addition to superior performance. Royalene 
also offers great savings potential. 

It offers a higher yield of fabricated parts per 
pound because of all rubbers, it has the lowest spe- 
cific gravity: 0.865. 

Can be highly extended. 

Final product cost also benefits since Royalene 
can be highly extended with inexpensive oils and 


Properties Features Advantages in use 

Ozone and Ozone protective Elimination ot 

weather additives normally strain limitations, 

resistance. used tor other allows less costly 

rubbers are not and restrictive 

required in black and design. Better 

non black EPDM appearance, 

vulcanizates. I Longer product. 

shelf and service 
life. 

Heat I Some Royalene EPDM Suitable tor engine 

degradation serviceable for ex compartment 

resistance. tended continuous use components. 

I at 300’F. intermit 

tent use at up to 400°F 

Low- Stays flexible below | Permits use in 

temperature —70°F. Won’t em ! broad temperature 

utility. brittle at — 100°F. range; - 100°F I 

to -i-AOQ-F. 

Electrical Excellent insulating Suitable for many 

insulation. properties. power and control 

applications. 

Chemical Particularly resists Suited for use in 

resistance. polar liquids like heating cooling 

water, esters, glycols components and 

and ketones brake systems. 

Dynamic Effective over a broad Potential applica- i 

properties, range of temperatures ! tion as vibration 

and frequencies. j isolators and 
I body mounts. 

Various types of Royalene EPDM have replaced other poly 
mers because of their superior properties, lower cost, 
outstanding features and advantages in use. 


black and still havegcxxj retention of its physical 
properties. 

If you use natural or synthetic rubbers of any 
kind, for any purpose, chances are Royalene EPDM 
can do the job better. Or cheaper. And probably both. 
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Uniroyal Chemical, Division of Uniroyal, Inc., Naugatuck, Connecticut 06770 


Royalene 

EPOM 

‘Crackiess Rubber 






NORDEL 


An Engineering Profile 


NORDEL 


IS a synthetic rubber developed by Du Pont 
and supplied to rubber goods manufacturers throughout 
North America and many other parts of the world. In 
chemical terms, it is a terpolymer of ethylene, propylene and 
a nonconjugated diene— a hydrocarbon-based elastomer 
that can be processed and vulcanized by standard rubber- 
industry techniques. Rubber chemists usually refer to this 
class of elastomer by the initials EPDM. 

To the specifying engineer, Nordel might be better de- 
fined as a general-purpose synthetic rubber with premium- 
performance properties. It offers the broad utility and many 
of the good properties of such long-familiar materials as 
natural rubber and SBR (styrene-butadiene synthetic 
rubber); like them, it has found use in a wide range of in- 
dustrial and consumer products. 

The distinctive difference that setj Nordel apart from 
other general-purpose rubbers is performance in categories 
of properties (particularly resistance to environmental condi- 
tions) usually found only in special-purpose elastomers. 


T — r 
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THIS IS NORDEL 


What is Nordel? How does it differ from other 
• vnthetic rubbers? What new opportunities does it 
offer to the designer and user of rubber parts? 
Answers to these and other questions are explored 
in this profile of an important engineering material. 



This is Nordfl hydrocarbon rubber as Du Pom produces it— a basic 
raw maieriat which other manufacturers compound and process into 
finished products for a range of industrial and consumer uses. 
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HDW DU PONT NORDEL COMPARES WITH 
OTHER GENERAL PURPOSE ELASTOMERS* 


Property 

NORDEL 

Natural Rubber 

SBR 

SpKific Gravity 

0.95 

c.sr 

0.94 

Tensile Slr^ngth 

good to eiceilent 

excellent 

good to excelleni 

Dynamic Properties 

eicelient 

excellent 

good 

Color Stability 

eiceilent 

good to excellent 

good to excellent 

Electrical Properties 

eiceilent 

good 

good 

Resistance to: 

Weather 

eiceilent 

fair 

fair 

Orone 

eiceilent 

poor 

fair 

Heat 

eiceilent 

fair 

fair to good 

Cold 

good to eiceilent 

good to excellent 

fair to good 

Chemicals 

Acids 

good lo eiceilent 

good 

good 

Bases 

good to eiceilent 

good 

good 

Oils 

poor 

poor 

poor 

Abrasion 

good to eiceilent 

good to excellent 

good 

Tearing 

good 

good to excellent 

good 

Steam 

excellent 

good 

good 

Compression Set 

good 

excellent 

excellent 

Flame 

poor 

poor 

poor 


Ratings in this chart are based on performance of conventional compounds of 
NOROEl. natural rubber and S6R. For each elastomer, any given property can 
usually be improved by selective compounding. 


ORIGINAL PAGE IS 
OF POOR qUAUTY 


PERFORMANCE 

PROPERTIES The performance abilities of vulcani/e.l 

Norph. arc superior to those of any other type gencr.il- 
purpose rubber In some characteristics (notably o/o i , 
\^eathcr, heat and steam resistance), Norph actually p M- 
forms on a level with many specialty elastomers. 

Just how “premium” are the performance characierisiKs 
of NoRPti ? The table at left partially answers this qiKMion 
by comparing selected properties of Norph with tho- of 
natural rubber and SBR From this quick comparisv>n, the 
relative superiority of the Du Pont elastomer over conven- 
tional general-purpose rubbers is quite evident. To btttei 
illustrate decree of performance, here are some brief ijiianti- 
tative observations:* 


SORDEL is virtually immune to attack hy ozone. In 
laboratory tests at concentrations as high as 10.00.) parts 
ozone per hundred million parts of air, technicians have 
nevei been able to damage a sample of vulcani/eJ Ni»kph . 
This IS an inherent characteristic of the ethylene propylene- 
diene terpolymer; the ozone resistance of Norpi i is nor 
dependent upon the use of chemical additives. 

SORDEL has outstanJing heat resistance. Products of 
Norpfl can be compounded for service at temperatures of 
300-350^‘'F., well above the capabilities of either SBR or na- 
tural rubber Intermittent service from 350-400’F. can be ob- 
tained with these heat-resistant formulations, and even higher 
temperatures can be tolerated for brief exposure periods. 


•Section } of this rcpi^rt tpa^cs 15-14) discusses pr»^pcriies oi Nordfl 
in more complete detail 



*v 



111 


1- w 


\OKnt i Shtw tit Ami tvmpcfitturvs Cla^h-Bcri* 

slilfncss lilies ol l\pical proihicls usually fall between 
P() I anJ -70 ^ Impael hnule pi>inis are usually 
Ol below 

\()RPi i hti\ #-iirp^/o/M/fi-ww.mir to steam Sersice leslin): 
has s)u>wn lhal eominercialK made steam hose ol Noum i 
in roiiiul the cliHli use has a hie of one >car (more than 
y.OOO lu>iirsK*arr\mi: I M) psie sJiuialed siram ( I ). arul 
Ihree monihs (more than ?.l)00 hours) earrsing ?M> psi^ 
saturated steam (407 I ) I his is several times the life ol 
hoses made from other elastomers 

(^thii impoi fttnt fu't e i hoftutenstti's iif Ni'Ri'il in 

elude dvnamie pio|Hities that remain eoristant i>ver a wide 
tempeiatuie ranee, resisianee ti> weather anil siinlij:ht a>!ine 
(in eolored as well as blaek pioduels), exeellent eleetiieal 
P'0|H*rties. ehemieal resisianee and i!tu>d methanual pi op 
erties Sinee Nokpii is basieallv a h\ilr»»earbi>n. it is not 
resistant to llarne o (set role um based iuN 






MANUFACTURING CHARACTERISTICS 

NoKini • hyilrocarhon rubber is pri»ccs>Ci1 arul vule.ini/Cii into 
tinivhcit parts b\ the same icchiiupics and vsiih the same equipment 
»»sed for other k»eneral-purpvise rubK'rs Compounded material is 
rrioldeii, extruded or ealeiulered in routine taslmm* final products 
v^rc vulcam/ed by curing methi>ds standaril in the rubber industry. 
Products made of Noki>ii move through the production line as 
easily as products made of anv other ivpe of elastomer, natural 
or sxnthelic Cellular products als4> are maile by conventional 
methods and may be of either th pen- or closedcell variety. 

1 his. then, is Nohi>ii hvdrocarbon rubber a general purpose 
cthylene-propvlene-diene terpi>l>mer with premium perrormance 
abilities Nordii is made b> Du Pont, fabricated into finished 
gooils or component parts bv rubber companies, and used by manu* 
faclurers of automobiles, appliances, electrical equipment and other 
industrial and consumer products .Areas of applicatK>n for Nokiui 
are discussed m the next section of this report 



I xirusiou of vvirc insiilatu'n is ivp«^al Ihc convcniu»nal iiihbci induMry marui- 
faclurin}; puKcssrs in whuh N«>ki>k is uscJ No siwiali/Cil fahiiealion or 
curing; rcvtmu|iics arc ncciU-a. 








PRODUCT SPECIFICATION 


RUBBER AD 


DATED 


APRIL 1, 1972 

Revised Feb. 1, 1975 


DESCRIPTION 


A fast dr/ing adhesive that develops high irt.'nediate strength. Has excellent heat resistance. 


Bonds Neoprene, reclaim, SB-R and Biilyl rubber to metal, wood, most plastics and many other substrates. 


PHYSICAL PROPERTIES 


BASE 

Synthetic Elastomer 


NET WEIGHT 

7.3 ± .2 Ibs./gal. 


CONSISTENCY 
Medium Syrup 


SOLVENT 

Petroleum Distillate, MEK 


FLASH POINT 
-14*F. 


VISCOSITY (APPROX.) 
2400 cps 


COLOR 

Yellow 


SOLIDS CONTENT 
(APPROX.) 

37% 


BROOKFIELD VISCOSIMETER 
RVF »4 sp. (« 20 rpm 


APPLICATION CHARACTERISTICS 


METHOD 
Brush or Flow 


COVERAGE 
(1 MIL DRY FILM) 
396 sq, ft./gat. 


BONDING RANGE 
(10 Mil Wet Film, 2 Surfaces) 
Up to 12 Minutes 


EQUIPMENT SUGGESTIONS 


5 Gallon Pail Dispensing System; 

1. Pump— 4:1 double acting ball type check pump, 4 cu. in./cyde 3 

2. Pail Cover required to reduce solvent loss. 


55 Gallon Drum Dispensing System: 

1. Pump— 4 1 ratio double acting ball type check pump, 4 cu. in. /cycle 3" air motjar, bung style pump. 


Hose— Samuel Moore Synflex hose or equivalent. 500 psi workfrig' pressure minimum 


Chemical Resistance Requirements: ' 

1. Synthetic materials in contact with this adhesive md^t be resistant to ketones and aromatic solvents. Compar, nylon 
and Teflon are suggested. Y ' 


Adhesives, Coatings and Sealers Division 

3M CENTER. ST. PAUL. MINN 55101 PHONE: 733 1110 AREA COI 


COmPANY 
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PERFORMANCE CHARACTERISTICS 


1 I t 
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UKKiiNAL PAGE lb 
OF POOR QUALITY 


180* PEEL STRENGTH 
Canvas Steel 


OVERLAP SHEAR STRENGTH 
Birch/%" Birch 


Time 75 "F. 

Test Temp. 

Value (lbs. in. width) 

Test Temp. 

Value (psi) 

1 day 

75*F. 

18 " 

- 30*F I 

343 ^ 

3 days • 

75-F. 

48 

75*F 

549 

5 days 

75*F. 

51 

150*F. 

195 

7 days 

75’F 

52 

180*F. 

136 

2 wk. I 

1 75*F 

: 30 

200*F. 

65 

3 wk 

1 75’F. 

1 20 

225*F 

85 1 

after 3 wk. 

1 - 30-F. 

49 


I 

after 3 wk. 

i 150’F. 

325 


1 

after 3 wk. 

180*F 

26 


J 


All test data reported represent the typical average obtained using the testing procedures described. The typical range* ' 
where applicable, lepresents the range in average values that can be expected on multiple lots of material { 

The data reported portray typical product performance and are not intended to be used for specification limits. Estab- ; 
lishment of specification limits, certification requirements, and the test procedures involved must be reviewed and 
approved by 3M 
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DIRECTIONS FOR USE 




SURFACE PREPARATION: Surfaces must be clean, dry and dust free. Wiping with Scotch-Grip Brand Solvent No. 3* 
will aid in removing oil and dirt. For best results, temperature of adhesive and surfaces should be at least 6S*F. If stored 
below 30’F.« warm up. followed by thorough agitation may be required. 

APPLICATION ! Stir well before using Brush or flow a thin, uniform coat of adhesive on each surface. Allow adhesive to 
dry until tacky but so that it docs not transfer to your knuckle (maximum dry time about 4 minutes). Assemble materials 
With sufficient pressure to insure contact. 

DRYING TIME: Bonded parts have high immediate strength to facilitate normal handling. 

CLEAN-UP; Excess adhesive may be removed with Methyl Ethyl Ketone. Toluol, or Scotch- Grip Solvent No. 2 or 3 
REACTIVATION; Greater immediate strength may be obtained by solvent reactivation To solvent reactivate, coat both 
surfaces with adhesive. Allow to dry tack-free. Liffhtiy wipe one surface with Methyl Ethyl Ketone.* Complete bond within 
30 seconds. 

*When using solvents for reactivation or clean-up. it is essential that proper precautionary measures for handling such 
materials be observed. 
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STORAGE AND HANDLING 

I at .j* tm •?* -. • 




Store product at 60-80*F for maximum storage life Higher temperatures reduce normal storage life. Lower temperatures 
cause increased viscosity of a temporary nature. Rotate stock on a "first in-first out" basis Upon request, your 3M Adhesives. 
Coatings and Sealers Sales Representative will be pleased to advise you of the anticipated shelf life of this product under 
the storage conditions in your plant. 

Clean up can be accomplished with Methyl Ethyl Ketone. Toluol or Scoich-Grip Brand Solvent No. 2 or 3. When using 
solvents for clean-up, it is essential that proper precautionary measures for handling such materials be observed 

ICC SHIPPING CLASSIFICATION; Adhesive Cements NOI. Red label required 
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Keep product and its vapors away from heat, sparks and open flames. The vapors given off from this adhesive will burn 
Contains petroleum distill.itr Use only in well ventilated aioas with enough air movement to remove vapors and prevent 
vapor buildup Avoid breathing vapors Avoid eye contact and prolonged or repeated contact with skin. Suggested fust 
aid for eye contact, immediately flush with plenty of water and obtain medical attention. Keep out of reach of children 
Keep container closed when not in use 


* ar.u» AT-T 






All statements, technical information and recommendations contained herein are based on tests we believe to be reliable, 
but the accuracy or completeness thereof is not guaranteed, and the following is made in lieu of all warranties, express 
or implied 

Seller's and manufacturer's only obi gation shall be to replace such quantity of the product proved to be defective. 
Neither seller nor manufacturer shall be liable for any injury loss or damage, direct or consequential, arising out of the 
use of or the inability to use the product. Before using, user shall determine the suitability of the product for his intended 
use. and user assumes all risk and liability whatsoever in connection therewith 

No statement or recommendation not contamr d herein shall have any force or effect unless m an agreement signed 
b, officers of seller and manufacturer 


Z 1300I25.4IR2 
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SUN- LITE SOLAR COLLECTOR COVER MATERIAL 
PROPERTIES 


FEATURES 


**Solar Properties as Good as or Better Than Glass 
**Superior Impact and Shatter Resistance 
**Easy Maintenance and Repair 

**Economical (Low Initial and Life Cycle Costs) 
**Thermal Expansion Matches Aluminum 


**UV and Weather Resistant 
**Inert to Chemical Atmosphere 
**Large Sheet Size Eliminate Joints 
**Easily Cut with Hand Tools 
**Light Weight, Yet Rigid 


SUN- LITE 
REGULAR 


SUN- LITE 
PREMIUM 


AVERAGJi PHYSICAL PROPERTIES METHOD 


UNITS 


85%-90% 

20 

Excellent 

Good 

10 % 

1.54 

16,000 

24,500 

1.0 

14,000 

18 

0.20-0.33 

1.4 

.87 

.35 

1.4 

2. 8-4. 7 
.025 or .040 
up to 1,200 long 


Solar Energy Transmittance 
Estimated Solar Lifetime (1) 
Thermal Senstitivity (2) 


E 424 Method B % 

Years 

® 200°F 

@ 300°F 

5-20 Microns % 

D 542 Ratio 

D 638 PSI 

D 790 PSI 

D 790 PSI X 10° 

D 732 PSI 

D 256 Ft. lb. /In. 

D 570 % 

D 696 (In./In./°F) x 10"^ 

C 177 BTU- In. /Hr. /Ft. 2 /of 
D 2766 BTU/lb./OF 

D 792 Ratio 

IS PS 53 0z./Ft.2 

(S PS53 Inches 

IS PS53 Feet 


Excellent 

Poor 

10 % 

1.54 

16,000 

24,500 

1.0 

14,000 

18 

0.20-0.33 

1.4 

.87 

.35 

1.4 

2.8-4. 7 
025 or .040 
or 5' wide 


Ileut Transmittance 
liuJex of Refraction 
Tensile Strength 
rfjxural Strength 
ral Modulus 
She. . Strength 
Izod Impact 
Water Absorption 
Thermal Expansion 
Thermal Conductivity 
Spire if ic Heat 
Specific Gravity 
We ight 
Thickness 
Sheet Size 


NOTE 


Tests indicate that Regular Suu-lite will lose about 10% solar transmission in 7 . 

years while Sun-lite Premium should have no appreciable loss for 20 years (estimate) . 
Sun-lite products are generally not affected by higher temperatures. The resins 
will not melt or cold flow since they are thermosetting and reinforced with glass 
fibers. The ignition temperature exceeds 900°F. However, continuous exposure at 
temperatures exceeding 200op will cause a slight amber color to appear which will 
have only a modest effect (59^ on Sun-lite ’s properties. Continuous exposure at 
3U0°F, causes about a 10% decline in solar transmittance in Sun-lite Premium and 
a more severe decline in Sun-lite Regular. 

Special Sun-lites are now under development to meet additional fire code requirements 
and for moist heat applications. Sun-lite Regular and Premium are not i'econuneiided 
for moist heat applications. 

The above information is presented in good faith, but no warranty is expressed or 
implied . 


Form: SP-33 

5/20/75 
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■ / PRODUCT NAME S 
/ CODE NUMBER 

7 / 

/ GENERAL DESCRIPTION / «- / , 

/ / J f ^ 

L L : 
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Tough washable lagging adhesive coating. Used 
with lagging cloth, canvas, and 20 x 20 glass 
cloth. Needs no additional finish. 

■ 1 

Oto 180 

WATER 

CREAM 

.i. /'u i iESiVE 
.1 10. .M9 

Quick setting, rubber base adhesives for bonding 
fibrous glass and acoustical duct miing. For 
shop use only. 

— 20 to 200 

SOLVENT 

GREEN 

BLACK 

. . ;;?cu 3 ad:<esivc 

'1 n-93 

Sodium silicate base adhesive for bonding cal 
ciijm silicate insulation to itself and to sub- 
strates. and for laggng asbestos cloth 

50 to 800 

WATER 

GRAY 

i 

MPE RESISTIVE ADHESIVE 
I JJ 

A superior adhesive for bonding insulation to 
most structural surfaces. Also used for fitting 
fabrication, and |Oint scaling with polyurethane 

— 50 to 300 

SOLVENT 

1 

GRAY ! 

1 

1 AGFAS •< ADHESIVE 
HI 42W 

Quick setting, water base, thnotropic adhesive 
for si/ing and adhering canvas, glass, and other 
fabrics to msu'ation. Washab e and mildew re 
sistant. 

— 50 to 180 

WATER 

WHITE 

..OLD FAS '<■' ADHESIVE 
::2 OH, r:2 09 

Water base, vapor barrier adhesive that bonds 
most low density insulations and vapor barrier 
facings to all surfaces. Practically odorless. 

— 50 to 170 

WATER 

■LACK 

j 

TA AS CONTACT CEMENT 
1 1- .0 NON FLAMMABLE 

Fast drying contact cement for sandwich panel 
construction, bonding flexible cellular insulation, 
and whenever two impermeable surfaces are to 
be bonded 

Oto 180 

SOLVENT 

LIGHT 1 

AMBER 1 

SPARICFAS ADHESIVE 
HSU .SPRAY 

Non flammable, quick setting rubber based ad 
hesive for bonding fibrous glass and acoustical 
linmgs on air handling ducts. For shop use only. 

— 20 to 200 

SOLVENT 

1 

1 

BLACK : 

{ 

STICSAFE ADHESIVE 
H515 

Fast setting rubber adhesive for adhering low 
density fibrous insulation to sheet metal and to 
most other construction materials. 

— 20 to 200 

SOLVENT 

1 

I 

AMBER ! 

1 

JACTAC ADHESIVE 
:',5- 1 7, A5-62 

High strength, water base adhesive tor attaching 
low density fibrous insulation and duct liner to 
painted and unpainted metal surfaces. 

— 10 to 180 

WATER 

WHITF 1 

BLACK 

JpaRK-FAS ADHESIVE 
A.5-20 . BRUSH ' 

Non flammable, quick setting adhesive for bond 
ing fibrous insulation (up to 6 lb. density) to 
sheet metal and aluminum. Also for lap sealing 

— 20 to 180 

SOLVENT 

OFF WHITF. 

DRION ■< CONTACT CEMENT 
35-75 NON-FLAMMABLE 

Contact cement with high initial strcngdi Used 
for lap sealing and bonding two impermeable 
surfaces. May be applied down to 12'T 

—20 to 200 

SOLVENT 

1 

OFF WHITE 

i 



FOAMSEAL '« SEALANT 
30 45 

Vapor barrier joint sealant that remains flexible 
and will not shrink oi crack. Also used for flash 
ing, and bedding cellular glass. 

—100 to 300 

SOLVENT 

GRAY 

INSULATION SEALANT 

'6 

Moisture vapor barrier joint sealant and bedding 
compound. Solvent free, suitable for use with 
polystyrene and other insulations. 

—50 to 200 

NONE 

GRAY 

LASTOLAR SEALANT 
44. 'U 49 

Elastomeric vapor barrier joint sealant and flash 
ing compound- For insLiation. masonry, metal 
jacketing and tow velocity ducts. Fast drying. 

—100 to 250 

SOLVENT 

ALUMINUM 

WHITE 




LoQlaM, Spark'Fat, Stic-Sot*. Kold-FtiB, /ac Tac, Drion. Foam(«<ri ar 0 
tvijittmrmd Trad 0 mark§ ot H B FuJj 0 t Company 1 1 7 



ALL DIMENSIONS IN INCHES 
PHOTOGRAPHS - ACTUAL SIZE 
LENGTH IS UNDER FLANGE 


Rolled Flange Eyelets 


JS5 aa 
.075 LONG* 
.565 FLANGE 
.010 METAL 


J41 O.D. 
.135 LONG* 
.466 FLANGE 
.020 METAL 


J75/.3350.0. 
.245 LONG* 
.705 FLANGE 
.013 METAL 


.330/.320 0.D. 
.175 LONG* 
.468 FUNGE 
.020 MHAL 


AI339 # 


A1627 


J41 0.0. 
.170 LONG* 
.468 FLANGE 
.020 METAL 


J55 0.0. 
250 LONG* 
.750 FLANGE 
.050 METAL 


J75/JSOO.C 
.245 LONG* 
.705 FUNGE 
.013 METAL 


J30 0.0. 
.316 LONG* 
.475 FLANGE 
.016 METAL 


. A2098 

Y 'i. 


A1635 


J41 0.0. 
.220 LONG* 
.468 FUNGE 
.020 METAL 


J5E 0.0. 
.355 LONG* 
.562 FLANGE 
.020 METAL 


J82 0.0. ^ 
.237 LONG* 
.687 FUNGE 
.036 METAL 


J32 0.0. 
.185 LONG* 
.593 FUNGE 
.010 METAL 


AU90 


A500 


J41 0.0. 
.275 LONG* 
.468 FLANGE 
.014 METAL 


.356 0.0. 
.477 LONG* 
.675 FLANGE 
.013 METAL 


J85/J35 0.D. 
.305 LONG* 
.705 FLANGE 
.013 METAL 


J35/.2550.0. 
.119 LONG* 
.448 FLANGE 
.013 METAL 


AI457 


A2304 


A1708 


J41 0.0. 
.403 LONG* 
.470 FLANGE 
.018 METAL 


.385/J55 0.0. 
.305 LONG* 
.705 FLANGE 
.013 METAL 


.357 0.0. 
.175 LONG* 
.780 FLANGE 
.016 METAL 


_ - J35 0.0. 

t .100 LONG* 

.1 .545 FL4NGE 

.009 METAL 


A\673 


.343 0.0. 
.230 LONG* 
.594 FLANGE 
.013 MHAL 


J85/.355 0.D. 
.308 LONG* 
.656 FLANGE 
.013 METAL 


J57 0.0. 
.270 LONG* 
.780 FLANGE 
.016 METAL 


.335/J27 0.0. 
.233 LONG* 
.460 FLANGE 
.014 METAL 


A1755 


.345 0.0. I 
.150 LONG* 
.468 FUNGE 
.009 METAL 


A563 


A2486 


.390 0.0. 
260 LONG* 
.580 FLANGE 
.012 MHAL 


A2368 


J57 ao. 

.358 LONG* 
.780 FLANGE 
.016 METAL 


.338/.2550.0. 
.107 LONG* 
.445 FUNGE 
.013 METAL 


A1224 


J46 0.0. 
.325 LONG* 
.450 FLANGE 
.013 METAL 


A1984 Hi « 


A2703 


J94 0.0. 
.347 LONG* 
880 FUNGE 
036 METAL 


A1850 


.364 0.0. 
.335 LONG* 
.593 FLANGE 
.016 METAL 


.340 0.0. 
.243 LONG* 
.600 FUNGE 
.013 METAL 


.350 0.0. 
.080 LONG* 
.468 FUNGE 
.016' METAL 


A2634 


A21Z7 


A1QS7 


.394 0.0. 
.347 LONG* 
.880 FLANGE 
.036 METAL 


J41 0.0. 
.100 LONG* 
.468 FLANGE 
.020 METAL 


.375 0.0. 
.105 LONG* 
.705 FUNGE 
.010 METAL 


.350 0.0. 

187 LONG* 
.592 FUNGE 
.016 METAL 


A1479 


a;340 * 


A289I 


A2744 


J96 0.0. 
.325 LONG* 
.745 FUNGE 
.010 MHAL 


J41 0.0. 
.120 LONG* 
.468 FLANGE 
.020 METAL 


.375 0.0. 
.130 LONG* 
.525 FLANGE 
.029 METAL 


.350 0.0. 
.335 LONG* 
.595 FLANGE 
.013 METAL 


A146S 


A2353 


A1379 


^€6 page 66 to 69 for matching telescoping eyelet or neck washer. 


BAYPORT. NEW YORK 11705 
(516) 472-2000 


POMPANO BEACH. FLA. 33060 
(305) 946 3500 







TABLE I 


Typical Properti ;s 



_ TABLE II 




Test Results 




Alternate A 

Genera! Purpose 

Alternate 


Ratio A 

Ratio 

Ratio B 

Mixing Ratio 

2 parts 305-1 

1 part 305-1 

1 part 305- *• 

(By Weight) 

1 part 305-2 

1 part 3 )5-2 

2 parts 305-2 

Hardness (Shore 0) 

87 

85 

57 

Rubber to Metal 

Peel Strength (Lbs /In at 77®F ) (25®C) 

\ 



SBR Elastomer to Steel 

•* 176 (30 8N/mm) 

188 (319N/mm) 

60(10.5N/mm) 

Neoprene to Steel 

107 (18 7N/mm) 

99 (17 3N/mm) 

93 (16.3N'mm) 

Metal to Metal 

Shear Strength (psi at 77®F) (25®C) 




Aluminum to Aluminum 

2610 (17995N/rnm) 

2720 (1E 753N/mm) 

1932 (1332' N/mm) 

Steel to Steel 

1946 (134l7N/mm) 

2366(1tJ13N/mm) 

1616 (1114. N/mm) 

Gardner Labs 
Impact Strength 




160 inch pounds at 77®F (25* : ) 

Fail 

Pass 

Pass 

160 inch pounds at -22*F. (-29"C ) 

Fail 

Fai’ 

Pass 
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WALL CORPORATION 


KAL - LAC 


nil CANOIA KOAD 
P. O. BOX 237 
MANCHFSIER. N. H. 03105 
TELEPHONE; A/C 603 627-3B6I 


^ j 


Kal-lac.ls a transparent air drying coating material for fiberglass 
reinforced polyester material. Kal-lac will restore the original liister 
and finish of such material which may have become dulled or roughened 
by prolonged exposure to the weather. _ ^ ' 


Surface • Preparation; 


V . 

. V 

t** • * ' 

•• - 

Application ; 
/. •. •, .. 

• .. -<»> .• 

• * 

u; 

, f*?. * 


‘Drying Time; 


. Eouipment Cleanup : 


Precautions; 


• „ -j- 

•4. 


Cleaning Kal-lac 
Coated Panels 


Using general grade, very fine type a Scotch Brite, 
rub the exposed surface moderately, until the free 
exposed fibers and embedded dirt are removed- 
Wet down the panel with clear water to rinse off 
loose surface fibers and dirt. Allow to dry thoroughly. 


Use Kal-lac as s 
by roller coater 
The core of the 
Plastic cobes wi 
dried thickness 
probably be nccc 
possibly a third 
bLrt“trr -any— case , 
a glossy finish 
adequate drying 


upplied without dilution. Application 
is an inexpensive and efficient method, 
roller should be impregnated cardboard. 

11 soften in the Kal-lac. A minimum 
of l.U_xnil is recommended. It will 
ssary to apply two liberal coats,* and 
coat to the more scverly weathered sheets 
c-uough Kal-lac must bo applied to give 
to the entire surface when dry. Alloitf 
time bet\\’een coats. 


Kal-lac will dry to tack-free condition within 5-10 
minutes. Maximum hardness is ’ittained at 10 to 15 
hours at room temperature. 

•a" 

Methylethyl Ketone (MEK) , Acetone, or lacquer thinner.’ 
will satisfactorily clean up the application equipment- 

, A* 

Kal-lac contains f lammable liquids and.sfiould be . 
kE'pt away from open flames . Provide..:fl3equate 
ventilation. Prolonged breathing of vapors should be 
avoided. . ** ’. j •; , 

r' , ' 

/ . " ‘ ♦ r.'* 

Commercially availa'blc detergents are satisfactory. 

Do not use' Ketone bdlit’d solvents, gasoline, lacquer 
thinner, or other petroleum bosetl materials. 

.... . I.-'V , „ >• . „ . . .. 


The/information contained lierein is presented ir>: good Faith." ’ No warranty ’ 

■Qr guarantee expressed or implied is made regarding the performance or stability 
of the product, since the manner of use and conditions •. of storage and handling 
are' beyond our control. .iiilfjfiihiltlh^^f; 


2/7/75 

KALWALL TRANSLUCENT PANELS • SKYMG 
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it. > CENTER FOR INDUSTRIAL AND INSTITUTIONAL DEVELOPMENT 


TOXICITY OF SMOKE PRO I BUT.NINr: 
KAL-LITE PANELS 


for 

Kalwall Corporat Lon 
88 Pine Street 
Manchester, N. I. 
03101 


By 

Laurance E. Webber, P. E. 
Research Profes ’.or 

June 19, 1973 


Kingsbi^ry Hall 

UNIVERSITY OF NEW HAMPSHIRE 
Durham, New Hampshire 03824 



Kmgsb jry University of New Hampshire 
Durham, New Hampshire 03824 
(603) 662 13S4 


TOXICITY OF SMOKE FROM BURNING U^-LITE PANELS 

PURPOSE 

To conduct a toxicity test of the products of combustion of Kal- 
lite as manufactured by Kalwall Corporation, Manchester, New Hampshire. 

Since there is no standard test for ineasuring the toxicity of snwke 
Iron burning plastics, we followed a test which we believe is indicative 
of the hazard to be expected frcxn burning fiberglass reinforced polyester 
(FPi*) plastic. Obviously, the carbon monoxide usually generated by 
limited-oxygen burning can be lethal, and the smoke can displace the air 
(oxygen) from the area, but in this test we were concerned with the toxic 
effects of breathing the smoke generated by the burning FRP. 

PROCEDURE 

Six female albino rats of the CD strain (Sprague-Dolly descendants) 
aged 65 days and weighing between 150 and 200 gr^uns were the subjects of 
the experiment. The rats were placed in a clear plastic cylinder 14" in 
diameter and 8" high. The cylinder was covered except for three 1/4" 

holes in the top. The bottom consisted of 1/4" mesh hardware cloth. 

Pieces of the plastic sheets were burned about 2 feet away from the test 
cylinder and the smoke was led into the chamber through a 3" galvanized 

pipe. (This was done to prevent and discomfort to the rats that might 

have resulted from hot wire in contact with their feet.) *rhe density of 
smoke was quickly built up to a point at which the rats could only be 
hazily seen and *Jie other side of the chamber could not be seen. The 
source of smoke was cut off at this poini and no more was added. The 
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atmosphere remained hazy for over one-half an hour* 

Six other female albino rats of the sanui strain and ancestry, and 
of the same 65 days of age, were similarly subjected to sraoke generated 
by burning a mixture of paper and wood* 

CONCLUSION 

The rats exposed to the FRP smoke showed no signs of distress and/or 
abnormality and were returned to their lab cages 1 hour after the start 
of the snvoke exposure* When examined 120 hours later, none of the rats 
exhibited any signs of reaction to their e:.pos\ire to the smoke from this 
burning FRP. 

The rats exposed to the combination paper and wood smoke likewise 
shewed no signs of distress and/or abnormallity and were returned to their 
lab cages 1 hour after the start of the smoke exposure. When examined 72 
hours later, none of the rats exhibited any signs of reaction to their 
exposure to the smoke from this burning wood and paper. 

In these tests,- the smoke from the FRP caused no different reaction 
i.i zhe rats than was caused by the smoke from wood and paper. 

Respectfully submitted, 

. f. 

Laurance E. Webber, P-E. 

Associate Director 

Research Professor 

University of New Hampshire 
Lab Pi 2 port No. K-101 
June 19, 1973 
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the fire-resistiint properties of 
KALWALL®TRANSLUCENT WALLS 

r ' 


Translucent Kalwall's sandw.ch consirutiion - two 
late sheets of fiberglass bonded to an alu.itinum grid 
cure • presents an outstanding practical lire barrier. 
Under direct exposure to flame, Kalwall will usually 
prevent the spread of fire to other parts of a building. 
Kalwall cannot shatter or otherwise endanger persons 
or property, and Kalwall’s faces contribute a mini- 

4-hour fire test .... 

An indcpcndcnl laboratory tested samples of window 
}*lass and standard Kalwall which were individually 
mounted in the front openinj; of a chamber enclosing 
an oil burner. A lire was maintained at a temperature 
f)l approximately l,200®r. While the glass samples 
tracked and burst out of the Irame in less than live 
minutes, the fire had not burned through the outside 
nf Kalwall after a period exceeding four hours. 

Tihc table at right points out that the cxlerioi (ace 
^f the Kalwall sample never attained a sulficient 
temperature to ignite. I his is a direct result ol 
Kalwall’s sandwich construction. The plastic resin 


mum amount of fuel to a fire. 


A summary of the results of exlc isive testing by 
independent laboratories and by K.tiwall Corpora 
tion is presented bclov/ as a guide to the fire 
resistant properties ol Kalwall. 


in the face exposed to the flame was consumed; 
however, the fireproof fiberglass mat remained bon- 
ded to the grid, thus preventing the flame from 
reaching the exterior face. 
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ijiiiition teni]>eriitnres 


Ihc temperature required to ignite the resin m 
Kalwall’s lace material is 650^1 , when tested m 
accnidancc to ASTMDI^>29*. This significantlv 


in j building 


III wood, common plasli 
paper. 

* Other texts cZ/nw temps us high u\ SStf! 


shows that Kalwall’s 

#00* 


3 





100% greater than that 
curtain material and 

lOO* 


i 



L^j_j 

n 

^ 3 


li 


tunnel tests . . . . 


( 


S^veial categories of inlet ior Marne lesislance and 
»pioke development by ASTM E 84 Tunnel Tests 
ire available to meet the requirements ol various 
local building codes. Flame spreads down to and 


including 2S are possible. Standard panels meet 
most building codes and arc normally acceptable 
Consult lechiiical Services Department il assistance 
is required. 
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burn mte — 

The? 4.ICC shrcis nl K.itvvall p.nnHc have a hum mic 
0^ less than l‘ . iiuhes pci mimile In AS I M D h3i. 
This IS a test iiesij» etl to measiiie the lespnnse ul 
plastiis to file under lahuiatoiy coiulilions and 
Lunelition \Mth Mammahilit\ iindei actual use ton- 


UKIGINAL PAGK IS 
OF POOH QUALITY 


dll ions IS not ncte.saiily implied. Ilowevei, many 
naliotial and model building codes use a hum rale ol 
less chan 21 z nuh s pci niiniiie hy ihis lest as 
minimum standard for appioved plastics. 


class "a* burning* brand test.... 


AS I M 1 I Os IS a lesi ilesiunetl h* measuie llu lio* 
lelaiilant i harat lei islics ul umiI i » »\ei mj»s ai;ainsl lu»- 
on^matuiu outside the huiiilma on whuh the\ ate 
installed. Insulateil Kalwall panels will pass ihe le 
quiiement «>l a class "A’* Huinina Uiaiul. 

A huinino wooden biarnl IJ*' \ 1 2** \ 2 3/S*’ was 


tiavtd on a Kahv.ill panel. Ihe llarnes were lanneil 
* \ r I 2mpli uiikI. Ihe hraiul v as allowed to bum 
until ti t4*mpletel\ binned nit. 

Although the under side ol the Kalwall panels 
smokid. nn llarnes or diippinj;s were observed on 
tile unJei side ol the Ka'wall panel. 


97'« non coinbustiblo materials . . shatter])roof 


In the case of a fire, rhe plastic resin in Kalwall's 
fates will contiibule veiy little luel ... in lad, 
hiiidly more than several coals of paint on a masoni v 
wall, or the draperies commonly loumi behtnd 
windows. And unlike common ^la/in^t materials. 


Kalwall will not shatter or explode from its frame 
docs not present a possible ha/ rd to nearby 
pel sons. We do lavui the use td sprinklers loi lire 
pr«»lection whenever practical. 


a ease bistorv .. . . 


The enclosed mall ol a shopping; tenter under 
construction in London, Ontario, C^mada lealuietl 
translucent K.ilwall in a cleresiorv application Dui 
iii|* the final sla>;es td construction, a welder’s spark 
caused a lire in the build up .isphall rotd adiacenl to 
Ihe Kalwall. Spreading iapidl\ across the rord Ihe 
llarnes thiealened to create extensive damage within 
the building. But the Kalw.dl ctmiaincti tlie liie, pre- 
cnting it li«» n enlei ing the huildine. 

For complete nformation on Kalwall Translucent Vlalls, see 

KALWAl.t.* COKPORATION 


Both the .rchilc\ and contractor attribute il i 
lelalivelv l« a loss o Kalwall's fire-resistant prop, 
ties The architect slates: *7/ /s estimated tf* f 

dumaqt n>i W eusdv haw amnunred to i 1 ,000,00i^ ' 
Katwj/t hiH not been used in the above rnenttont * 
i/m/v I ess than 7% of this amount was adut \ 

lost. 

MNamc and address of building, architect and )iv 
iracior availdde on request). 

• ^ 

oi^ catalog in Sweet's Architectural File 

Mil 4 \NI»I\ no \r> MAM III suit MW IICMI* IIIIU 
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SURF..Ci:. EROSION 

One of the weathering factors that should be considered for mainten- 
ince of long term performance is surface erosion. Surface erosion is tho 
actual physical wearing away and oxidation of the surface. The result is 
exposed fibers on the surface sometimes called "fiber bloom". In order 
to measure the amount of surface erosion, measurements were taken with a 
Clevite 1200 Surfanalyzer . Both average roughness and peak- to- valley 
roughness were measured. 

First consider average surface roughness (the average magnitude of 
all surface irregularities reported in microinches or 1/1,000,000 of an 
inch) . The surface erosion for material #1 is not noticeable for the first 
three years of outdoor weathering in South Florida. However, at the end of 
four years, some surface roughness was noticeable, and after five years, 
there was about 55 microinches of average erosion. A standard grade of 
fiberglass can have more than 105 microinches of average erosion after only 
^ two years of South Florida exposure. (Fig. 6) In order to halt this kind 
of surface erosion, a proprietary high temperature coating manufactured by 
Kalwall Corporation called Kalwall Weatherable Surface c an be applied. 

After five years of weathering exposure, only 14 microinches (hardly no- 
ticeable to the human eye) of average erosion was measured on material #1 
with this coating. (Material #1W) . A more dramatic measurement is of 
peak- to- valley roughness. (Fig. 7) 

Using peak- to- valley measurements instead of average measurements, 
material #1 showed a maximum roughness of approximately 300 microinches 
change, while the coated sample showed only 100 microinches. Both samples 
had been weathered for five years in South Florida. A standard grade sheet 
can have more than 1,000 microinches of erosion after only two years to 
this same exposure. 
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THERMAL DEGRADATION 

In most efficiently operating flat plate collectors the cover tempera 
ture will not be above 200° F; therefore, tests were conducted on samples 
continuously aged in a 200°F oven for 1 year. The drop in solar energy 
transmission for both material #1 and material #2 was approximately equal 
(about 10%). However, the standard grade sheet lost more than 50% solar 
energy transmission in one year of continuous exposure. (Fig. 4) 

Cover plate temperatures higher than 200° F may occur during stagna- 
tion in collectors with improperly designed venting systems. Stagnation 
temperatures occur when no fluid (water or air) is flowing through the col 
lector. For example, with 300 BTU/sq. ft. /hr. insolation, the absorber 
Dlate could reach 380° and the inner cover of a double cover could reach 

jQ if the outside temperature is 60°. For this reason, short term tests 

o 

were conducted at 300 F. (Fig. 5) 

After 300 hours (equal to 10 hr. /day for 30 days), material #1 lost 
only 2% solar energy transmission, while material #2 lost 4%. Extending 
the test to 5,000 hours, material #1 lost approximately 10% solar energy 
transmission at 300° F. Material #2 lost 22% and standard grade material 

I 

losT. 4 0% under the same conditions. 
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THERMAL DEGRADATION 

200T 

^1 (Fig. 4) 


0 

0 

0 

0 

0 




MATERIAL I 8 2 


MATERIAL 3 


0 

0 

0 
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SOLAR ENERGY 
TRANSMISSION 


4 6 8 10 

MONTHS 

(2L HOURS/DAY) 


12 


THERMAL DEGRADATION 

300° F 



MATERIAL I 
MATERIAL 2 
MATERIAL 3 


SOLAR ENERGY 
TRANSMISSION 


ULTRAVIOLET DEGRADATION 


Degradation due to ultraviolet radiation has long been of great con- 
'"'ern to those people designing or using products exposed to sunlight. Re- 
searchers in the FRP industry have come a long way in retarding ultraviolet 
degradation. A typical non-light stabilized general purpose polyester can 
lose more than 15% transmission in just 50 hours of exposure to a sun lamp. 
One of the earliest attempts to improve the UV resistance of polyester was 
to add ordinary aspirin as a light stabilizing additive. Afver 50 hours 
exposure to a sun lamp, a general purpose polyester will only lose 5% trans- 
mission if aspirin is added as a light stabilizer. 

Obviously, today's researchers have gone much beyond aspirin in the 
field of light stabilization. Altering the polyester backbone (modifying 
the glycols and acids which make up polyester) , adding acrylic, adding 
sophisticated light stabilizers, and applying sj: ecial coatings or films 
are necessary to produce a quality solar collector cover. 

In order to facilitate research into UV degradation, several different 
weatherometers were developed and are in general use today. The most common 
are the Fluorescent, Carbon Arc, and Xenon weatherometer . The Fluorescent 
weatherometer has a high concentration of UV and causes more severe changes 
than the Carbon Arc or Xenon weatherometer. 

Although it is extremely difficult to correlate weatherometer hours 
to real time outdoors, many researchers use 250-400 weatherometer hours as 
approximately 1 year actual weathering. (2,000 hr.=approx. 5 yrs. real 
time . ) 

Samples were exposed in a fluorescent weatherometer for 2,000 hrs. 

Color change (AE) and light transmission readings were taken at 500 hr. 
intervals. 

COLOR CHANGE - Measurements were taken in accordance with ASTM D 2244 
/'ffherial #1 had a color change of 3.5 after 2,000 hours. Material #2 had a 
color change of 10. Depending on formulation, a standard grade FRP sheet 
could have a total color change of around 28. (Fig. 2) 
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In order to verify the weo therometer results, color change measure- 


ments were taken on a sample of material #1 weathered in South Florida 


The color change was found to be 4.4. (A specially coated 


South facing exposures in South Florida are considered the most severe 


natural environment in the United States because of large quantities of 


sunlight, heat, and moisture 


LIGHT TRANSMISSION 

FLUORESCENT WEATHEROMETER 


COLOR CHANGE 

FLUORESCENT WEATHEROMETER 


MATERIAL I 


MATERIAL I 


MATERIAL 2 


\ MATERIAL 3 


MATERIAL 2 


MATERIAL 3 


1000 1500 2000 


HOURS IN FliJORESCENT WEATHEROMETER 


500 1000 1500 2000 

HOURS IN FLUORESCENT WEATHEROMETER 


LIGHT TRANSMISSION - Light transmission measurements were taken on 


the same weatherometer specimens. Material #1 lost only 3% light trans 


fiberglass reinforced polyester can lose up to 20% light transmission in 


only 500 hours exposure time. (Fig. 3) 

It is apparent from the above data that it is extremely important to 
consider the grade of fiberglass reinforced polyester when trying to de- 
O'r'ase ultraviolet degradation. Another area of extreme importance for 


solar collector covers is thermal degradation 


IMPACT RESISTANCE 


Embrittlement is often of great concern to people using plastics, 
of the major reasons fiberglass reinforced polyester is used as a 
jolar collector cover is its remarkable impact strength and shatter re- 
sistance. Unlike glass, which can be easily broken into dangerously sharp 
pieces, fibeiglass reinforced polyester is completely shatter resistant. 

The best way to measure impact resistance for solar collector covers is 
to use the falling ball method. 

To prove fiberglass does not lose its remarkable impact strength after 
many years of outdoor exposure, a 14 year old sample was taken from a 
building and tested. The control (un-weathered) sample required 25 foot 
pounds, {6.4 pound steel ball dropped from 4 feet) to cause a rupture of 
the material while the 14 year old sample required 32 foot pounds (6.4 
pounds from 5 feet) to cause rupture. (Fig. 8). 

Low temperature i»;ipact does not cause a problem. Tests have been 
conducted on fiberglass reinforced polyester at -40 F, and the results 
showed almost a 50% increase in the dynamic load required to cause failure. 


IMPACT STRENGTH 

(SHATTER RESISTANCE) 

(Fig. 8) 
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THERMAL SHOCK 


The final property to be considered for a solar collector cover to 
be able to withstand the effects of weathering is thermal shock. Many 
times during the life of a solar collector, a rain storm or other rapid 
change in temperature may cause a severe thermal shock to a heated col- 
lector. To test fiberglass reinforced polyester's resistance to thermal 
shock, a sample was heated to 300 F and then quickly submerged in cold 
water. The thermal shock did not cause any harmful effects or noticeable 
degradation. 


SUMMARY 


It has been shown that high grades of fiberglass reinforced polyester 
exhibit excellent weatherability . Critical properties for solar collector 
covers such as solar energy transmission, ultraviolet and thermal degrada- 
tion resistance, erosion resistance, impact resistance, low temperatures, 
and thermal shock have been examined and shown to be highly acceptable fo^^ 
safe and efficient use in the solar industry. 

Special thanks are extended to the American Cyanamid Company and 
Owens-Corning Fiberglas Corporation for their generous technical assist- 
ance and testing. 
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BIOGRAPHY 


James S. White, Product Development Manager for Kalwall Corporation, one of the 
leaders in research and development of fiberglass reinforced plastics for over 25 years, 
has been Involved in the development of special FRP products for the past 8 years, in- 
cluding the development of the accepted industry testing procedures for load/deflection, 
shatter resistance, and the visual rating system for weathered FRP. ^ 

Mr. White is a registered professional engineer and an active member of the Society 
of the Plastics Industries, the Society of Plastics Engineers, American Society for 
Testing and Materials, Solar Energy Industries Association, and the American Society of 
Heating, Refrigeration and Air-Conditioning Engineers. 
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To Whow It May Concern 


The face sheets of Kalwall panels are made of Orthophthallc 
I>'jlyostor rilnforcod ’.mcIi fiberglass. Those arc ^feneral purpose 
polyesters and completely cross! Inked. 

Polyester reinforced fiberglass sheets shruc off most harsh 
acids, alkalies and fumes. The enclosed test report shows t!ie 
Specific reaction of polyester reinforced fiberglass sheets to 
fifty different chemicals. 


Jamc S. White 
Tech ical Services 
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RESISTANCE TO CHEMICAL REAGENTS • OF POOR QUALITY 
ASTM D 543- 67 

Signif icance ’ 

The limitations of the results obtainpfil from this test should be recognized. 
The choice of t pes and ccHcentr.itions of i'e«igents, duration of emersion, 
temperature of the test, and properties to be reporter^ is necessarily arbit- 
rary, Correlation of test results with actual performance or serviceability 
of plastics is dependent upon the similarity between the testing and in-use 
conditions. It should be noted that both :emperature and concentration have 
substintial effects on chemical resistance 



* 

* 


I 

!* 

h 



Procedure 

Specimens are emersed in the chemical reagents for seven days at room 
temperature. The reagents are stirred eve y 24 hours by moderate manual 
rotation of the containers. A visual exam nation is used to detect the effects 
of each of the chemical reagents. 


T est Specim ens 

Three specimens 4" x 1" by varying '•.hickne .ses vere used for each mate'^ial 
tested and for each reagent involed. 


( 

j 


Results 
See chart 


U.S. Testing Company 
Report No. LA 57135 


Chem1 cal 


Standard 


Acetic Acid 
(Glacial ) 

F 

Acetic Acid 5% 

A 

Acetone 

C;F;K 

Ammonium Hy- 

* 

droxide 28% 

C;D;F 

Ammonium Hy- 
droxide 10% 

F 

Aniline 

X 

Benzene 

C 

Carbon Tetra- 
chloride 

A 

Chromic Acid 40% 

B;F 

Citric Acid 10% 

A 

Cottonseed. Oil 

A 

Detergent’ 
Solution 1/4% 

A 

Diethyl Ether 

C 

Formamide 

C:F;G;K 

Distilled Water 

F;K 

Ethyl Acetate 

F 

Ethyl Alcohol 
95% 

F 

Ethyl Alcohol 
50% 

F;K 

Ethylene 

Dichloride 

X 

Ethyl hexyl 
Sebacate 

A 


Legend: A - Ho effect 

B - Decreased opacity 
C - Increased opacity 


D - Yelloved G -Swelliri K - Blistered 
E - Stair H - Rrittl-i X - Destroyed 
F - Internal Fib'erbloom J - (razed 
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Chemical 

Standard 

Heptane 

A 

Hydrochloric 
Acid 37% 

F;K 


Hydrochloric 

Acid lOX A 


Hydrofluoric 

Acid 40% C;F;H;K 


Hydrogen 
Peroxide 28% 

A 

Hydrogen 
Peroxide 3% 

A 

Isooctane 

A 

Kerosine 

A 

Methyl Alcohol 

F;K 

Mineral 

■ . A 

Nitric Acid 70% 

D;F;K 

Nictric Acid 40% 

A 

Nitric Acid 10% 

A 

Oleic Acid 

A 

Olive Oil 

A 

Phenol 5% 

F;L 


Soap Solution U A 


Sodium Car- 


bonate 

20% 

A 

Sodium 

bonate 

Car- 

2% 

A 

Sodium 

10% 

Chloride 

A 


Legend: A - No effect D - Yellowed G - Swelling K - Blistered 

B - Decreased opacity E - Stain H - Brittle X - Destroyed 

C - Increased opacity F - Internal Fiberbloom J - C-"azed 



Chemical 


Stanc jrd 


Sod n Hy- 
droxide 60% 

C 

Sodium Hy- 
droxide 10% 

C;F 

Sodium Hy- 
droxide 1% 

A 

Sodium Hy- 
pochlorite 5% 

A 

Sulfuric Acid 
97% 

X 

Sulfuric /.cld 
30% 

B;F 

Sulfuric Acid 
3% 

C;F 

Toluene 

C;F;K 

Transformer Oil 

F;J;K 

Turpentine 

A 


No effect D - Yellowed G - Swelling K 
Decreased opacity E ■ Stain H - Brittle ^ 
Increased opacity F ” Internal Fiberbloom J - Crazed 


- Blistered 

- Destroyed 
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SHATTER RESISTANCE . OF POOR QUALITY 

BY THE FALLING BALL METHOD 

This test was conducted to determine the shatter resistance of 

fiberglass reinforced polyester panels. The test panels were mounted in 

a manner simulating use and a 3 1/2-inch diameter steel ball was used. 

9.1.1 Method B of the SPI Shatter Resistance was followed. 

9.1.2 There were five test specimens 16" x 16" of each type material. 
Type I material was clear and Type II material was clear. 

9. 1.2.1 No commercial designation. Company — Kalwall Corporation — (D) 

9. 1.2. 2 Type I material had an average thickness of .044 inches and an 
average weight of 5.0 ounces per square foot. Type II material 
had an average thickness of .061 inches and an average weight of 
6.9 ounces per square foot. (See data sheet.) 

9.1.4 The average distance the ball was dropped to produce failure 
for Type I material was 12 feet. The average distance the ball 
was dropped to produce failure for Type II material was 16 1/2 
feet. 

9.1.5 The average diameter of the hole for Type I material was approxi- 
mately 5 inches. The average diameter of the hole for Type II 
material was approximately 5 inches. 


T i i 

il l 1 1 

l 

♦ » ♦ 

1 i 

1 ’ 

' i ( 



1 . . 

! \ 

♦ I 

i i ^ I 1 

.i- 1 i 

' - 1 


DATA SHEET 


TEST: FALLING BALL 

flATERIAL: COMPANY D 




Panel 

Panel 

Panel Panel 

Panel 

Avg. 



1 

2 

3- 

4 

5 


Weight, Oz. 

8.8 

8.8 

► 

9.0 

9.0 

8.8 

8.9 

Type I 

Thickness, In. 

.044 

.044 

.043 

.044 

.043 

.044 


Weight, Oz. . 

12.1 

12. 4 

12.1 

12.1 

12.5 

12.2 

Type II 

Thickness, In. 

.058 

.063 

.059 

.060 

.064 

.061 


Type I 




Type II 


• 

Distance 

Panel Panel Pajiel 

Panel 

Panel 

Panel Panel 

Panel 

Panel 

Panel 

Ft. 

1 2 3 

4 • 

5 

1 2 

3 

4 

5 

2 

OK 



OK 




3 

OK 



OK 

1 

1 




A 

OK 



OK 




5 

OK 



! OK 

• 



6 

OK 

. 


OK 




7 

PULL PULL OK 
OUT OUT 



OK 



* 

8 

OK 



OK 




9 

OK 


1 

RUP. OK 
5" 




10 

OK 


1 

Long OK 




11 

PULL 

PULL 


OK 





OUT 

OUT 






12 



FAIL 

RUP. 

OK 






4 1/2" 

5" 




13 



Oi a . 

Long 

OK 






Avg. 





14 





OK 



15 





OK 



16 





PULL 

FAIL 

OK 





OUT 

6" 


17 






Dia. 

PULL 




1 


Avg. 

OUT 
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CAL-ZORB 3968 


CAL-ZORB 3968 is a black, fle;dble, heat absorbing coating designed for use in 
solar heating equipment. It makes excellent bond to vinyl or vinyl containing 
materials such as ABS plastics. When catalyzed with CAL-ZORB 4562 its bond 
strength improves to a wide variety of substrates and its heat resistance is 
in excess of 200%. 


PHYSICAL CHARACT’nRISTICS 

1. Dires to a dull, black, tack-free heat absorbing coating. 

2. High film strength. 

3. Flexible through wide temperature extremes. 


OK IhHiU OUAlAli 


TFCHNICAL SPHCIFICATION 


Catalyst 


BASF : 

COIOR: 

SOLVONTS: 

SO LI PS; 
VISCOSITY: 

WF.IGHT/GALLON: 
SPIXIFIC GRAVITY 


Polyureth.'uie 

Black 

MFK, MIBK, Toluene 

22 . 5 ^ 

1800-2000 Cps,RVF Brookfield 
#5 Spindle 010 Rl’M 
7.39 Pounds 
.886 


Isocyanate 

Clear 

MEK Toluene 
55.75% 


8.76 Pounds 
1.05 


PREPARATION OF SUBSTRATES : 

Surfaces should be free of dust and oil to obtain maximum bond strength. 
Solvent wasliing or abrading is recommended where feasible. 

MimiOD 01- APPLICATION 


Before using, mix thoroughly 10 parts of CAL-ZORB 3968 with 1 part of CAL-ZORB 
4562 by volume. 'Ihe blend should be stirred sufficiently long to insure a 
homogenous dispersion. 'Ihe ratio of 3968 to 4562 can be varied to reduce the 
extent of cure and extend pot life and exact ratio is not critical. 




CALCIAC 
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CAL-ZORB 4562 
Page 2 


Brush or coat the mixed system and allow to dry thoroughly. Drying is 
relatively slow to provide a bubble free film. Ultimate bond strength 
will be reached in approximately 24 hours, however, the bond or coating 
may be heated to affect a quick cure after solvent evaporation. Typical 
cycle is 30 minutes. 02OOOp. 

CLEANING AND THINNER: 


Methyl Ethyl Ketone 
PRECAUTIONARY DATA ; 

These two products are extremely flammable. Vapors may cause flash fires. 
Vapors may ignite explosively under certain conditions. Keep away from 
fire, sparks, and sources of heat. Oj^en all doors and windows. Extinguish 
all flames and pilot lights. Turn off electric motors, stoves, or heaters, 
or any source of ignition during use and until all vapors have been dis- 
persed. Do not smoke. Close containers after use. 

FLASH POINT: CAL-ZORB 3968- 22®F T.C.C. 

CAL-ZORB 4562- 22®F T.C.C. 

TOLERANCE LIMIT VALUE: 100 Parts per million in air. 

USE WITH ADEQUATE VENTILATION 
AVOID PROLONGED BREATHING OF VAI’ORS 
AVOID PROLONGED AND Rl-PEATED CONTACT WITH SKIN 
KEEP OUT OF RI-ACH OF QIILDREN 

STORE AT TEMPERATURES OF 90^F OR BELOW FOR MAXIMUM SHELF LIFE 
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SUNMAT Solar Collector 
Installation, Operation and Service Manual 
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This Technical Guide is written to provide a 
complete and comprehensive procedure for the 
Installation of the SUNMAT Solar Collector, It is 
not the intent of this guide to exclude sound and 
pi*oven methods of installation by contractors who 
have» through experience and past performance, 
developed an efficient method of installation 
expertise. 

ALL work must be performed in accordance 
with LOCAL, STATE and NATIONAL codes. 


MANUFACTURING CORPORATION 
Box 710, 150 S. Van Brunt St.. Engl( 


Englewood, N.J. 07631 • (201) 569-0420 • (212) 586-5178 
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TECHNICAL GUIDE / SE-3056 


A General 


3. Normally, claims for any and all 
damages should be filed with the freight company 
within five working days after receipt of Fiiip- 
ment. 


1 The SUNMAT Solar Collector has been 
specially designed for space heating and other 
solar applications requiring large collector areas. 
The panels are custom-built to fit the dimensions 
of the roof— a feature that speeds installation and 
improves esthetics The panels can also be built 
in very large sizes— up to 4* by 25^ This means 
lower costs for plumbing and installation The 
extensive use of synthetic materials makes them 
very lightweight and reduces corrosion problems 
Ttie special zii)per lock feature allows easy ac- 
cess to the absorber in the event ser\icing is 
necessary 


4. Since all materials are sold FOB factory 
it is the responsibility of the consignee to lile 
claims with the delivering carrier for materials 
received in damaged condition. 


D. System Design 


1. Air Vent. An air vent should l;e installed 
at the highest point in the supiily or return line in 
order to release air trapped in the piping. 


2. Fxiiansion Tank. An exjiansion lank is 
required in the supply or return line to allow for 
thermal exiiansion and contraction of the heat 
transfer fluid. 


D. Collector Sizini 


1. The proper sizing of a collector system 
is a complex process and a number of acceptable 
methods are available. For a proven, workable 
procedure refer to CALMAC Technical Guide 
SK-1223. The efficiency of the collector— a key 
input in the sizing calculations — is shown in 
Figure 1-1. 


3. Pressure Drop. In sizing pumps for 
systems using water as the heat transfer fluid 
the pressure drop through the collector can be 
determine ! from Figure 1-3. For systems using 
anti-freeze heat transfer fluids, the pressure 
drops should be adjusted based on data provided 
by the supplier of the heat transfer fluid. 


C. Damage in Transit 


4. Relief Valves. A temperature relief 
valve set to open at 2lO^P ,.nd a pressure relief 
\'alve set to open at 20 PSl must be int'luded in 
either the supply or return line. Ordinanlv ihe 
pressure relief valve is located indoors and con- 
nected to a catch basin. The appearance «'f liquid 
in the catch Ixisin provides evidence of a mal- 
function, and in closed loop systems the possible 
need to add more heat transfer fluid. 


1. Upon receipt of shipment of this material 
inspect all cartons for external damage. If ex- 
ternal damage is noted, open the carton and in- 
siiect for tlamage to equipment. Mark the number 
of cartons received in this condition on the de- 
livering carrier’s waybill, and request the 
services of the inspector. 

2. If u|H)n opening a carton concealed 
damage is discovered, open the entire shipment 
and note all equipment so daivaged. Contact tiie 
delivering carrier and request inspection of the 
damaged equipment. Do not destroy the ciirton as 
the inspector from the freight company will need 
this to delerinine the reason for damages. 


5. Strainers. A strainer should be installed 
in the supply line to the collector. This strainer 
should be checked one week after startup and 
annually thereafter. 


6. Pressures and Flows. The maximum recom 
mended operating pressure is 20 PSI. In practice 
this means that the collector should not be connected 
directly to a water main. Subjecting the system con- 
tinuously to pressure above 20 PSl will cause the 
SUNMAT tubing to stretch over time and may lead 
to leaks in the system. 


EFFICIENCY 


Based on aperture area 


The minimum recommended flow rate throughaa 
collector is 2 GPM to insure optimum efficiency. The 
maximum recommended flow rate through a collector 
is 5 GPM. Higher flows will create velocities through 
the headers which may cause whistling and/or erosion. 


7. Gauges. In closed loop systems a pressure 
gauge reading the system pressure (usually 20 PSI) 
is recommended. A drop in system pressure usually 
indicates a leak in the system. 


GAUUC 
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E, Installing the SUNMAT Solar Collector 

1. The inlet and outlet plumbing connections 
to the SUNMAT collector are located at the same 
end of the collector* The 3/4** NPT connections 
are located either on the right or left side, both 
sides, or the back side of the collector* The con- 
figuration, which depends on where the pipes will 
best penetrate the roof, is specified at tiiC time 
the order is placed with the factory* 

2. The collector may be mounted vertically 
or horizontally with the plumbing connections at 
either the lop or the bottom. Because the inside 
diameter of the collector tubing is small, trapped 
air is readily swept away when heat transfer fluid 
is circulated through the system, so the headers 
may be located at the bottom of a vertically 
mounted collector* 


3. When two or more collectors are to be 
used side-by-side, it is permissible to make the 
inlet/outlet connections to one collector through 
one other collector. In this way four collectors 
can be hooked up to one supply and return line. 

See Figure 1-2. 

4. For esthetic reasons care should be taken 
to insure that collector sides are parallel to 
adjacent roof lines. A chalk line is also helpful 
in getting the correct alignment. It is also helpful 
to have someone on the ground visually confirm 
the alignment. 

5. If the roof structure underlayment is 
plywood and is in good condition, the collectors 
may be bolted to ♦he plywood. The most secure 
connection is to boll the collectors into the rafters. 
Holes in the collector mounting flange should be 
made to coincide with the location of the rafters. 
Holes in the flange should be 3/8** diameter. To 
allow for differential expansion they should also 
generally be elongated (up to T* for 25-foot long 
coH'^rtors). To locate the rafters, use a stud 
finder or tap the roof with a hammer* The more 
solid sound indicates the rafter* Once the gen- 
eral location of the rafters has been determined, 

a nail can be driven through the roof to more 
precisely locate the rafters. These rafter loca- 
tion nails can be driven through a 2** x 4** that 
will also serve as a temporary horizontal sup- 
port at the bottom of the collectors while they 
are being bolted to the roof. 

6. The collectors can now be brought up 
onto the roof. One way to bring the collectors 
onto the roof is to slide them up a ladder. With 
one person at the top of the ladder pulling and a 
second person pushing from below, the collector 
can be moved into place relatively easily. 

7. Drill holes through the roof into 'Ae 
rafters. If 1/4** diameter lag bolts are used 
(min. recommended diameter) then the holes 
drilled into the roof should be several drill sizes 
smaller. After the holes are drilled into the 
rafter they should be fi.led with silicone sealant 
before the bolts are inserted. The bolls should be 
of sufficient length that they penetrate the plywood 
underlayment, and engage a rafter by at least 2**. 
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8. The collectors should he spaced a 
minimum of 1/4” apart so that thermal expansion 
and contraction of the frame does not disturb the 
mounting. 


9. The manifold inlet and outlet connections 
are 3/4” NPT. Teflon tape is recommended as a 
sealant for all tlireaded connections. Do not in- 
sulate the piping or add flashing until the system 
is pressiu*e-lestt d. Finding the leaks imder flash- 
ing and insulation is quite difficult. 

10. All roof penetrations should be sealed a 
second time to insiu-e against leaks. Silicone 
sealant is a good choice. 

11. Remove the nailer at the bottom of the 
collector that was used to hold the collectors on 
the roof and fill the nail holes with silicone sealant. 

F. REPAIRS AND MAINTENANCE 


1. No routine maintenance is required, but 
the system should be checked at least annually for 
breakdowns in the system. 

2. Rain should keep the collector cover 
relatively dirt-free. However, if dirt or dust ac- 
cumulates, it may be necessary to hose and wash 
the cover. Normal wind and water gradually ab- 
rade the cover panel, and to insure optimum per- 
formance every five to seven years the panel 
must be spray-coated with Kal-Lac, a fast -drying 
liquid applied by roller, spray or brush. 

3. Any leaks that may develop in the tubing 
system can be repaired with copper splicer 
tubes and Stimpson clamps from the repair kit 
To make this type of repair a heavy, wide-bladed 
screwdriver should be used to .pop the glazing 
frame piece off from the side walL It is usually 
best to start at one corner. After the plastic zip- 
per lock is undone, the cover can be rolled back 
to expose the tubing. To repair the tubing the 
damaged piece should be cut out and a splicer tube 
pu: in its pLace and fastened with Stimpson clamps 
at either end. Then the glazing should be reposi- 
tioned in place and the side and top plastic frame 
pieces snapped back together with a rubber mallet 
starting at the corners and finishing midway 
between. 


4. Because of the small diameter of the 
SUNMAT tubing, capillary action prevents com- 
plete draining of the tubing. In the event the 
collector must be completely drained, air pres- 
sure must be used to force fluid out of the 
tubing grid. 

5. Every several years flushing the sys- 
tem may be advisable. Water run through the 
system at 40 PSI is generally adequate. Connec- 
tions for flushing should be included at the time 
of installation. 

6. Heat Transfer Fluids. Heat transfer fluids 
should be maintained in accordance with specifica- 
tions provided by the manufacturer. The SUNMAT 
system is compatible with glycol anti-freezes. Con- 
tact CALMAC before using other anti-freezes. 


SPECIFICATIONS 


HEADERS 



NORYL FRAME 


COVER PLATE: 

Fiberglass-reinforced polyester, .040” 

Transmissivity: 88% at 0*. 78% at 45* 

Wind Load Design: 100 M PH 
ABSORBER: 

Surface: Black, high temperature urethane coating 
Aluminum Sheet: .002” thick 
Tubing: 5/16” OD EPDM dual tubing 
—Tube spacing 1 Vi” on center 
—Manifold and outlet V4” OD type L copper 
— U-bends and manifold-to-tubing connections V4” copper 

INSULATION: 

High temperature f350*F) rigid fiberglass 
Density: 4.0 ibs/fP 

2" on bottom, R = 9 1”on sides, R = 4.5 @70*F 
DESICCANT: 

Silica gel in 3/4” x 10” wire mesh tube 

COLLECTOR FRAME: 

.125” thick Noryi extrusion 

MOUNTING PROVISIONS: 

1” flange around total perimeter 

ExiP'^a! olumbing connections V4” standard pipe thread 
FLUID: 

Capacity .03 gallons/fP 

MAXIMUM OPERATING TEMPERATURE: 210*F 
MAXIMUM ALLOWABLE TEMPERATURE: 300*F 
DESIGN LIFE OF COLLECTOR: 20 years 

FLUID PRESSURES: 

Maximum operating pressure: 20 PSI 
Tubing test pressure: 80 PSI 

FLOW RATES: 

.01 8 GPM / square foot of mat 
Minimum flow rate: 2 0 GPM 

NOMINAL PRESSURE DROP: 

.16 PSI per foot of length of mat 
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Field- Assembled Solar Collector 
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SUNMAT Field-Assembled Solar Collector 
Installation, Operation & Service Manual 


The SUNMAT Field-Assembled Solar Collector 
System is a non-metallic single-glazed collector designed 
to be constructed on site in much larger sizes than con- 
ventional factory -assembled panels. The system allows 
the collector to be tailored to fit the dimensions of any 
installation and pro\ddes economies of scale in constimc- 
tion and plumbing. 


INDEX 


General 

A. Collector Sizing . . • , 

B. Materials and Tools 

C. Damage in Transit. , 

D. System Design . . . . 
Mounting the Collector 


The SUNMAT consists of a flexible grid of 30 
closely spaced elastomer twin tubes cemented to an 
insulation board base and covered with a flexible 
reinforced plastic cover. The grid substitutes for the 
metal absorber plate used in conventional panel-type 
collectors. 


Mounting 


in. Installation 

A. The Insulation Bed . . , 

B. Pressure-Testing . . . 

C. Cementing the Grid . , 

D. Dryer Tubes 

E. Glazing 

F. Waterproofing 

IV. Repairs and Maintenance 


ALL aspects of this installation must comply with 
NATIONAL, STATE and LOCAL codes. 


The information in this manual has been prepared to 
save time, obtain the best possible installation and insure 
continuous trouble-free operation of the collector system. 


All materials obtained locally or from suppliers other than 
CALMAC Manufacturing CoriX)ration must be in accordance 
with specifications set forth in the Section on 
Specifications. 


General 


V. Specifications 
A. General 


MANUFACTURING CORPORATION 


Box 710, 150 S. Van Brunt St., Englewood. N.J. 07631 • (201) 569-0420 • (212) 586-5178 
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L GENERAL 

A. Collector Sizing 

The proper sizing of a collector system is a complex 
process and a number of acceptable methods are avail- 
able. For a proven, workable procedure refer to 
CALMAC Technical Guide SE-1223. The efficiency 
of tlie collector — a key input in the sizing calculations — 
is shown in Figure L 

B. Materials and Tools 


L The following materials are required to build 
the collector: 


Item 

Absorber tubing system 
(EPDM tubing grid with 
copper U-bends and 
headers) 

Absorber cement 

Plastic Cover Panel 
Insulation Board 
Contact Cement 

Insulation Cement 

EPDM Kcse 

Roofing Mastic 

Condensation Dryers 

Foil- Faced Tape 


Quantity 

4' X desired length 


One gallon for every 
40 square feet 

4’ X desired length 

220% of collector area 

One gallon for every 
130 square feet 

One gallon for every 
60 square feet 

1/2*’ per square foot 
of collector 

One gallon for every 
square feet 

One for every 200 
square feet of collector 
or fraction thereof 

Four feet for every four 
feet of collector length 


For further specification on the materials refer to 
the Specifications Section. 

2. The following tools are required to build 
the collector: 

12” adjustable wrench 
12” pipe wrench 
knife 

pair of hand gloves 
bicycle pump or other source of 
compressed air 
pair of pliers 
measuring tape 
straight edge 
masking tape 


r EFFICIENCY 



C. Damage in Transit 

L Upon receipt of shipment of this material, 
inspect all cartons for external damage. If external 
damage is noted, open the carton and inspect for 
damage to equipment. Mark the number of cartons 
received in this condition on the delivering carrier’s 
waybill, and request the ser\dces of the inspector. 

2. If upon opening a carton concealed damage 
is discovered, open the entire shipment and note all 
equipment so damaged. Contact the delivering carrier 
and request inspection of the damaged equipment. 

Do not destroy the carton as the inspector from the 
freight company will need this to determine the 
reason for damages. 

3. Normally, claims for any and all damages 
should be filed w’ith the freight company within five 
working days after receipt of shipment. 

4. Since all materials are sold FOB factory, 

it is the responsibility of the consignee to file claims 
v;ith the delivering carrier for materials received 
in damaged condition. 


D. System Design 

1. Headering. When two or more collectors are 
to be used and assembled side by side, it is permiss- 
ible to connect the header system of one collector to 
the in and out piping through one other header system. 
Using a T-connection it is possible to hook four 
header systems to the same in and out piping. See 
Figure 2. 
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2* Air Vent> An air vent should be installed 
at the highest point in the supply or return line 
in order to release air trapped in the piping. 


3. Expansion Tank. Ah ex))ansion tank is 
required in the supply or return line to allow for 
thermal expansion and contraction of the heat 
transfer fluid. 


3, Pressure Drop. In sizing pumps for 
systems using water as the heat transfer fluid 
the pressure drop through the collector can be 
determined from Figure 3. For systems using 
anti-freeze heat transfer fluids^ the pressure 
drops should be adjusted based on data provided 
by the supplier of the heat transfer fluid. 


iO 56 -i 
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4. Relief Valves. A temperature relief 


\'alve set to open at 210^F and a pressure relief 
ralve set to open at 20 PSI must be included in 
either the supply or return line. Ordinarily the 
pressure relief ralve is located indoors and con- 
nected to a catch basin. The appearance of liquid 
in the catch basin provides evidence of a mal- 
function, and in cl4)sed loop systems the possible 
need to add more heat transfer fluid. 


2. The surface on which the SUNMAT system 
to be built must be sturdy and flat. As a rule, an- 
normal roofing surface is acceptable as long as iht 
fiberglass insulation which forms the collector 
can be bonded firmly to it with roofing mastic. Siiu e 
the SUNMAT is quite lightweight, installation Oi 
existing roof does not add appreciably to the load on 
the roof and is usually quite safe. 


5. Strainers. A strainer should be installed 
in the supply line t4i the collector. This strainer 
should be checked <me week after startup and 
annually thereafter. 


3. The layout of the collector installation must 
take into consideration the size and shape of the space 
avtiilable for the collectors. Each grid of the SUNMAl 
system is 4^ wade. The length of the SUNMAT cnllccto 
can be any size up to 50^ and is therefore cut to fit the 
available space. In laying out the length, however, it 
is impc riant to keep in mind that an additional 4’^ must 
be allow'ed beyond the desired length of the absorber 
system for connecting the headers and U-bends. It 

is also advasable to keep the length of the SUNMAT 
as long as practicable since this reduces the cost 
per square foot. 

4. The collectors should not be mounted absolute 
ly horizontal since in this ixjsition water will pond on 
the glazing and dirt will accumulate. The minimum 
recommended slope is 1 in 12. 


6. Pressures and Flows. The maximum recom 
mended operating pressure is 20 PSI. In practice 
this means that the collector should not be connected 
directly to a waiter main. Subjecting the system con- 
tinuously to pressure above 20 PSI will cause the 
SUNMAT tubing to stretch over time and may lead 
to leaks in the system. 


The minimum recommended flow rate throughaa 
collector is 2 GPM to insure optimum efficierxiy. The 
maximum recommended flow rate through a collector 
is 5 GPM. Higher flows will create velocities through 
the headers which may cause whistling and/or erosion. 


7. Gauges. In closed loop systems a pressure 
gauge reading the system pressure (usually 20 PSI) 
is recommended. A drop in system pressure usually 
indicates a leak in the system. 


m. INSTALLATION 


A. Constructing the Insulation Bed 


n. MOUNTING THE COLLECTOR 


1. Cut and build the bed of insulation board. 
This bed is made of 1" thick foil-faced fiberglass 
insulation boards cemented face to face. The 
bottom boards are 2' x 4L The top boards are 4’ 
X 10' boards that have been factory -outgassed at 
350°F for an hour, 1'* must be trimmed off these 
boards to allow for the perimeter walls. 


A. Mounting the Collector 


1. When the system is built on a steeply slanting 
roof, a scaffolding should always be used. A scaffold- 
ing makes the installation much easier and is the safest 
method. 




1 
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The boards must also be trimmed to the proper 
lenjjth, which is a function of the size of the collector. 
The top board must be 2’* shorter than the bottom 
board— again, to allow for the perimeter walls. 

The iinfuced sides of the boards are cemented 
together using the insulation cement to make a 
2 ** board foil-faced on lx>th sides. In order to 
make one unified section the top and lx)ttom l»ards 
are overlapped. The top boards are centered on 
the IxDttom ^)ard to allow for the perimeter walls. 

See Figure 3. 


Any leaks should make a hissing sound. Leaks 
are rare and are usually caused by improper 
connections between the SUNMAT tubing and the 
U-bends or headers. Leaks can be detected by 
applying soapy water and looking for bubbles. 
Leaks can be repaired by adjusting or replacing 
the Stimpson clamps. The tubing itself does not 
generally leak unless it has been damaged in 
shipment or handling. Leaks in the tub' ig are 
repaired with splicers from the repair kit in 
accort'.'jnce with instructions in the section on 
Repairs and Maintenance. 



2. Cut and cement the fiberglass 
insulation perimeter strips to the bed. This 
wall provides the surface to vvliich the cover 
panel is cemented. The strips arc 2 1/2'* wide. 
The length depends on the size of the collector. 
Contact cement is used to adhere the strips to 
the insulation bed. See Figure 4. 


C. Cementing the SUNMAT Grid to the 


Insulation Ded 


1. Position the SUNMAT grid in place. The 
header end of the mat should be butted against 
the end lx>rder of the bed. If the mat is fairly 
short, it can be placed directly o» the insuLition. 

If it is long, it may be easier to roll it off the 
shipping roll aixi onto the insulation bed. The 
header ami U-bend ends of the mat should be 
secured in place with a piece of foil-faced tape 
pressed down between each tube onto the foil- 
faced insukition lx)ard. Similarly, foil-faced 
tape stiould be used to hold the mat itself in pLice 
every four feet. See Figure 5. 

2. Put three spacer blocks in place 12’* 

apart every two feet. These blocks are made of 1 1/2 
lengths of 1” EPDM hose. They ar^et in place 
between slightly spread tubes and held in place by 
the absorber cement (next step). See Figure 6. 


3. Mount the insulation board bed on its 
supporting surface. The bed can be affixtxl 
directly to smooth supporting surfaces with 
orciiiury roofing mastic. On surfaces that are 
irregular, such as shingled roofs, laying down 
a ph wood frame and adhering the bed to the 
frame with roofing mastic is recommended. 


B. Pressure-Testing the SUNMAT for Leaks 


1. Pressure-test the tubing system for 
leaks using a iwrtable air compressor, 
bicycle pump or canister of compressed air 
to pressurize the tubing to 40 PSI. One of the 
headers is supplied with a tank v'ulve to facili- 
tate testing for leaks. 


3. Spray or brush the two-part absorber 
cement over the entire surface until the aluminum 
foil is completely blacked out. To insure a good 
bond the joint where the tubes and foil meet must be 
filled w'ith adhesive. In mixing the two-part cement 
directions on the can should be followed carefully. 


Figure 4 


4. At the side of the collector where the external 
plumbing connections are to be made, passageways for 
the connections should be cut through the perimeter 
strips and pipe nipples for the connections should be 
cut through the perimeter strips and pipe nipples 
extending through the perimeter wall should be 
installed. At this point in the construction process 
it is usually advantageous to hook up the sensor 
that measures the outlet temperature for the differ- 
ential thermostat and any other valves or vents 
indicated. See Figure 7. 
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D. Dryer Tubes 

L Install one dryer tube for every 200 square 
feet of collector or fraction thereof. Dryer tubes 
are used to prevent the build-up of moisture conden- 
sation under the collector glazing. The dryer tube 
is installed along the outside perimeter by punching 
an outlet in the border strip with a screwdriver. 

See Figure 8. 

E. Installing the Plastic Glazing 

L Apply a coat of contact cement to the top edge 
of the perimeter strip. Start from one end, then 
move to the sides and down the borders toward the 
opposite end, catching the spacer blocks as well. 

If the length of the collector is less than 12 feet, the 
contact cement can be applied in one step but if the 
length exceeds 12 feet, more than one step may be 
necessary since the cement dries quickly. 

2, Place the end of the rolled up 
plastic glazing over tlie end of the collector 
coated first, and unroll the glazing. The 
glazing should be unrolled gradually, making 
sure that it is running square to the border. 

After it is completely unrolled, press it lightly 
against the border and spacer blocks to insure 
good bonding. 


F. Waterproofing the Complete Collector 

L Waterproof the entire system by 
applying roofing mastic to all the exposed 
insulation, and to the T’ edge of the plastic 
glazing that overlaps the insulation board peri- 
meter. Cement should be used liberally to make 
a s'ral around the header pipes and dryer tube 
where they come through the insulation board. 
Use masking tape on the glazing so as to make 
a straight edge between mastic and glazing. 


4. Any leaks that may develop in 
the tubing system can be repaired with copper 
splicer tubes and Stimpson clamps from the 
repair kit. To make this type of repair a 
knife should be used to cut through the fiberglass 
border strips. After the cut is made, the cover 
can be lifted to expose the tubing. To repair the 
tubing the damaged piece should be cut out and a 
splicer tube put in its place and fastened with 
Stimpson clamps at either end. See Figure IL 
Contact cement can then be used to cement the 
fiberglass back together. Finally a new coat 
of mastic should be applied to seal the collector. 

5. Because of the small diameter of the 
SUNMAT tubing, capillary action prevents easy 
draining of the tubing. In the event the collector 
must be completely drained, air pressure must 
be used to force fluid out of the tubing grid. 

6 Every several years flushing of the system 
may be adnsable. Water run through the system 
at 40 PSI is generally adequate Connections for 
flushing should be included at the time of installa- 
tion. 


7 Heat Transfer Fluids. Heat transfer fluids 
should !>e maintained in accordance with specifica- 
tions provided by the manufacturer The SUNMAT 
system is compatible with glycol anti-freezes Con- 
tact CALMAC before using other anti-freezes. 



IV. REPAIRS AND MAINTENANCE 
A. General 


1. No routine maintenance is required, but 
the collector should be che^..ed at least annually 
for breakdowns in the system. 

2. Rain should keep the collector cover 
relatively dirt-free. However, if dirt or dust 
accumulates, it may be necessary to hose and 
wash the cover. Normal wind and water gradually 
abrade the cover panel, and to insure optimum 
performance every five to seven years the panel 
must l>e spray -coated with Kal-Lac, a fast-drying 
Ii/)uid applied by roller, spray or brush. 

3. Over time cracks may develop in the 
water|Jroofing, particularly in arr-'s where the 
roofing mastic w^s put on too thin. These cracks 
can be easily repaired with fresh mastic. 
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V. SPECIFICATIONS 

I PHYSICAL DATA: 

I Width: 4' 

\ Length: Up to 50’ 

Depth: 3 1/2" 

Weight (unfilled): 2. 0 pounds/fr 
| . Coolant Weight: .2pounds/ft2 

! . MATERIALS; 

i;- 

Glazing: . 025" ^ge fiberglass -reinforced 
polyester. 88% solar transmittance at 0®, 

« 78% at 450 . KalwaU SUN-LITE Premium H 

' or equivalent. 

Absorber: 5/16" OD, 3/16" ID EPDM dual 
tubing spaced 1 1/2” on center bonded to 
insulation board with CAL-ZORB urethane 
« cement. One gallon covers 40 square feet. 

Headers: 3/4" x 42 1/2" t 3 rpe L copper pipe. 

' External connections are 3/4" threaded 

pipe connections soldered to the pipe. 
Connections to the absorber tubing are 1/4” 
nipples soldered to the pipe every 1 3/8". 
Two headers per mat. 

I Desiccant: Silica gel in aluminum wire 

; mesh tube. One dryer required for 

every 200 square feet of collector or 
fraction thereof. 

Insulation: Fiberglass duct board, high 
temperature (350OF), three pounds per 

I 


cubic foot density, foil-faced, 1" thick. 
Owens -Corning Fiberglass 703 or 
equivalent. 

Adhesives: Contact cement used to bond 
cover panel and perimeter walls to in- 
sulation bed, 3M 1300 Rubber Adhesive 
or equivalent. One gallon for every 
130 square feet of collector. Adhesive 
used to w^aterproof the collector, 
roofing mastic. Adhesive used to bond 
insulation together , Foster 85-15 
Stic -Safe Adhesive. 

Coolant: Water or mixture of glycol and 
water. . 03 gallons per square foot. 

OPERATING DATA: 

Flow Rates: . 018 GPM per square foot of 
mat, minimum of 2. 0 GPM. 

Pressure Drop: . 16 PSI per foot of length 
of mat, water. 

. 2 PSI per foot of length of mat, 40% 
ethylene glycol at 100°F. 

Temperature: Maximum operating 
temperature, 210®F. 

Maximum allowable tubing temperature, 
350OF. 

Fluid Pressure: Maximum operating 
pressure, 20PSL Tubing burst 
pressure, 80PSI. 

FrUl: .86 

FR(Ta)„; .67 
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